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Founded іп 1848, the American Association for the Advancement 
of Science (AAAS) is the world’s largest federation of scientific and 
engineering societies in the world, with nearly 300 affiliate organiza- 
tions, and publisher of the peer-reviewed journal Science. In addition, 
AAAS counts more than 143,000 scientists, engineers, science educa- 
tors, policy makers, and interested citizens among its individual mem- 
bers, making it the largest general scientific organization im the world. 
The Association’s goals are to further the work of scientists, facilitate 
cooperation among them, foster scientific freedom and responsibility, 
improve the effectiveness of science in the promotion of human wel- ' 
fare, advance education in science, and increase public understanding 
and appreciation of the importance and promise of the methods of sci- 
ence in human progress. 


Project 2061 is a long-term initiative of AAAS to reform K-12 education 
nationwide so that ail high-school graduates are science literate. 
Launched in 1985 when Halley's Comet last appeared, it takes its name 
from the year when the comet will again be visible from Earth. From 
the start, Project 2061 has defined science literacy broadly to include 
knowledge and skills in science, technology, and mathematics, along 
with scientific habits of mind and an understanding of the nature of sci- 
ence and its impact on individuals and its role in society. и 


Science literacy for all. Working with panels of scientists, mathemati- 
cians, and technologists, Project 2061 set out in 1985 to identify the 
basic knowledge and skills adults should have in five subject areas: bio- 
logical and health sciences; mathematics; physical and information sci- 
ences апа engineering; social and behavioral sciences; and technology. 
These learning goals were eventually integrated into the project's land- 
mark document, Science for All Americans (1989), which outlines what 
all students should know and be able to do in science, mathematics, 
and technology after 13 years of schooling. In 1993, Project 2061 col- 
laborated with teams of teachers from six carefully selected school dis- 
tricts to creace Benchmarks for Science Literacy, а curriculum design 
tool that translates the literacy goals of Science for All Americans into 
expectations of what students should know at the ends of grades 2, 5, 
8, and 12. Both documents have had a major impact on education, pro- 
viding the foundation for national science education standards and 
helping to shape curriculum frameworks and standards in numerous 
states and school districts. 


Tools for educators. Project 2061 is now developing a coordinated 
set of reform tools educators can use to meet science literacy goals in 
their own districts. Resources for Science Literacy: Professional 


Development (1997) provides educators with valuable background 
materials to improve their own knowledge and skills, Blueprints for. 
Reform (1998) outlines changes necded in a dozen arcas of the educa-. 
tion system to improve learning in science, mathematics, and technolo: 
gy. Dialogue on Early Childhood Science, Mathematics, апа v 
Tecbnology Education (1999) discusses the latest findings on teaching 
these subjects to preschool children. Middle Grudes Mathematics 
Textbooks: A Benchmarks-Based Evaluation (2000) presents the 
results of Project 2061's analysis of both widely used and newly devel- 
oped middle-school mathematics texts. Designs for Science Literacy 
and Designs on Disk (2001) provide educators with a theoretical 
framework and practical guidelines. for designing K-12 curricuia aimed 
at helping all students achieve science literacy goals, 


Forthcoming products include Resources for $с:епсе Literacy: 
Curriculum Materials, which describes the project's research-based - 
procedure for analyzing instructional materials, and online reports of 
the project's recent evaluations of textbooks for middle-grades science 
and mathematics and high-school biology and algebra. In addition, 
Project 2061 is developing a procedure for analyzing science and math- 
ematics assessment tasks. Also, through its Projcct 2061 Professional 
Development Programs, the project is providing custom-tailored work- 
shops on understanding benchmarks and standards anchaligning cur- 
riculum and assessment to them. | 


AAAS wishes to express its gratitude to the following for their generous 
support of Project 2061: 


Carnegie Corporation of New York 
Hewlett-Packard Company 

John D. and Catherine T. MacArthur Foundation 
Andrew ХУ. Mellon Foundation 

The Pew Charitable Trusts 

National Scienec Foundation 


Founded in 1944, the National Science Teachers Association is the 
world's largest organization dedicated to prom ting excellence and 
innovation in science teaching and learning for all. The Association's 
current membership of more than 53,000 includes science teachers, 
science supervisors, administrators, scientists, business and industry 
representatives, and others actively involved in science education. 


Project 2061 and the National Science Teachers Association jointly pub-: 
lish А ав of Science Literacy. 


FOREWORD 


Ds teachers, curriculum plauners and developers, and assessment developers will find 
Atlas of Science Literacy a very helpful addition to the already comprehensive collection of 
Project 2061 tools, the National Science Teachers Association (NSTA) is pleased to publish Atlas 
jointly with the American Association for the Advancement of Science. Atlas is a noteworthy 
companion to Science for All Americans and benchmarks for Science Literacy and а useful 
tool for teachers and curriculum specialists who are attempting to develop the coherent cur- 
riculum called for in the Program Standards in the National Science Hducation Standards. 
Curriculum coherence refers to the connectedness and scund development of ideas and skills 
among different courses and subjects and over several years. 

То achieve coherence, a curriculum must build new ideas and skills on carlier ones— within 
lessons, from lesson to lesson, from unit to unit, and from year to year. With coherence in the 
curriculum the concepts and processes that students learn can become more complex as they 
construct new ideas and develop new skills. Research has demonstrated that what students 
already know about a topic is one of the most significant factors in-determining their success 
in learning new, related content. 


Before beginning instruction on а new topic, teachers will find it useful to consul: Atlas to iden- 
tify the earlier ideas that students are likely to need to understand the new topic. When teachers 
find students struggling with a concept, they can consult Affas to determine if there are precur: 
sor ideas that may be missing from their students’ background knowledge. It makes sense to 
clarify the earlier supporting ideas rather than to simply repeat the original instruction one 
more time. 

А ; 
Curriculum cevelopers— whether they be educators facilitating the instructional flow or cur- 
riculum desijin specialists—will find Atlas an excellent tool for developing coherent curricu- 
Ium without duplicating topics and skills and without leaving gaps in the progression of ideas 
within units and from unit to unit. Developers who are interested in integrating several topics 
or disciplines in the curriculum will find Atlas a ready-made reference for соппесіпр topics іш 
logical and useful ways. With Atlas, curriculum developers will be able to recognize when con- 
tent from more than one discipline is needed to support the learning of specific ideas. 


Science educators responsible for developing assessments will finc Atlas an importan: cid in: 
determining a grade-level match for test items. Assessment instruments can become much 
more diagnostic when a student's understanding of a concept is assessed at several different 
levels of sophistication. hc 
Harold Pratt 

МУГА President 2001-2002 
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PREFACE 


Cn is an essential requirement for high quality in standards, curriculum, instruction, 
and assessment. Learning goals should: be considered not merely as a collection of ideas organ- 
ized under various topic headings, but as a progression of understanding that includes what 
leads up to each specific goal and where it then leads. These explicit connections are impor- 
tant not only within conceptual strands, but also between neighboring strands that contribute 
to one another. Project 20617 painstaking analysis of science and mathematics textbooks 
shows that their greatest shortcoming is incoberence. Many of these textbooks briefly present 
hundreds of ideas, but never bring them together in meaningful ways. 


Progression and interaction of ideas played an essential role in developing Science for All 
Americans (1989); adult literacy was hard to imagine without thinking about plausible steps 
along the way. From the outset of Project 2061, we required that our recommended ideas for 
science literacy be not only individually important, but also mutually supporting, leading to a 
growing fabric of understanding. In producing Benchmarks for Science Literacy (1993), 
explicit conceptual maps were drawn to show how ideas might develop over K-12. But tliose 
maps served only as an aid to developers and did not appear in the still list-like Benchmarks 
itself. The maps in Atlas of Science Literacy portray explicitly—and for the first time—the 
many connections among benchmarks that were only implied before. 


Although many staff and colleagues contributed extensively to the work since Science for All : 
Americans was first published, we have to acknowledge that the benchmark mappings in this 
book are very much the box by box, arrow by arrow. and line by line work of Scren Wheeler : 
over the last four years. I have greatly appreciated his industrious and insightful collaboration. 


Things move very fast in the current refórm climate; states and school districts are revising 
their frameworks for curriculum and assessment and often are placing topics grade by grade. 
Yet mapping conceptual development is demanding and slow work, and we nave so far pro- 
duced only 49 fairly polished and interconnected maps. About as many more will be needed to 


include all of the benchmarks. As much as we wanted to publish a complete set of maps, their . 


utility in education reform is too great to justify our delaying their availability for another year 
or so. We believe that readers will find plenty to think about and do with even this limited 
installment. (Although these maps were developed for science, mathematics, and technology, 
the notion of displaying a progression of understanding will likely be helpful to other subject 
areas as well.) 


Our main intent is that readers will come to think of teaching and learning іп a more map-like 
way, and we encourage them to modify and supplement this set of maps where they see the 
need, That does not mean, however, (hat modifications should be undertaken hastily or casual- 
ly—this set of maps is based on over a decade of study involving many scientists and teachers. 
Moreover, the construction of maps has benefited greatly from trial uses of drafts in a wide 
variety of workshops run by staff and our colleagues in universities and schools Learning 
important ideas is challenging enough in any case, and we owe it to students to think through 
very carefully the fabric of understanding we expect them to learn. 


Andrew Ahlgren ‘ 
Associate Director, Project 2061 
American Association for the Advancement of Science 
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Strand maps differ significantly 
from what are known in science 
education as “concept maps.” 
A strand map depicts a progres- 
sion of ideas and skills. A con- 
cept map, on the other hand, 
presents a snapshot of student 
understanding. 


INTRODUCTION 


S cience, mathematics, and technology have a profound impact on our individual lives and our culture. 
They play a role in almost all human endeavois, and they affect how we relate to one another and the 
world around us. Project 2061 is a long-term effort to improve education so that all citizens attain sci- 
ence literacy—that is, a basic understanding of the natural and social sciences, mathematics, technology, 


and their interactions. 


The Project's seminal report Science for All 
Americans (American Association for the 
Advancement of Science [AAAS], 1989) provides a 
narrative account of the knowledge and abilities 
that make up science literacy. Its companion pub- 
lication Bencbmarks for Science Literacy (AAAS, 
1993) lists specific ideas and skills that serve as 
goals for student learning in four grade ranges— 
steps along the way to achieving literacy. Sctence 
Jor All Americans and Benchrnarks—and other 
standards documents—-are being used nationwide 
to reshape state and local curriculum frameworks, 
instruction, assessment, and teacher education. But 
these efforts involve siznificant struggles. 


Atlas of Science Literacy attendssto a critical chal- 

lenge in making science-education reform a reality: 
science literacy should be approached not as a col- 
lection of isolated abilities and bits of information, 

but as a rich fabric of mutually supporting ideas 


. - n * 
and skills that must develop over time: From pri- . 


mary school to high school, what students learn 
should build on what they learned before, make 
sense in terms of what else they are learning, and 
prepare them for what they will learn next. To 
help students achieve science literacy, educators 
need to see how the ideas and skills that students 
learn in different grades and topics—and even dis- 
ciplines—depend on and support one another. 
Atlas depicts this pattern of connections in a set of 
“strand maps” that provide a graphic representa- 


tion of students’ growth of understanding. Each 
map displays the ideas, skills, and connections 
among them that are part of achieving literacy in a 
particular topic, showing where each step along 
the way comes from and where it leads. 


Atlas is intended to help educators understand 
what students can be expected to learn in differ- 
ent grades and to help them design coherent and 
comprehensive curricula, instruction, and assess- 
ments. Unless educators understand how ideas 
and skills develop over time and how they relate 
to one another, students will be left with nothing 
more than à heap of unrelated, poorly under- 
stood, and quickly forgotten facts, algorithms, and 
technical terms. 


The maps in Atlas do not prescribe a particular 
curriculum or instructional strategy. Instead, they 
present a Iramework meant to inspire a variety of 
different ways to design and organize learning 
experiences suited to local circumstances, 
Furthermore, these maps will always be open to 
improvement in light of new discussions, class- 
room experiences, or research on learning. We 
hope the enduring message of Atlas will be that 
thinking carefully about the growth of under: 
standing from.kindergarten to graduation is ап. 
essential part of planning what students can be 
expected to learn and how best they can be 
helped to do so. 


ABOUT ATLAS OF SCIENCE LITERACY 


A tlas of Science Literacy presents a collection 
of strand maps:that show how students’ under- 
standing of the ideas and skills that lead to litera- 
cy in science, mathematics, and technology might 
grow over time. Atlas also includes discussions of 
strand maps in general and prose directly related 
to each individual map. 


Atlas is one ofa coordinated set of tools devel- 
oped by Project 2061 to help educators under- 
stand and use specific goals for student learning. 
Educators will get the most out of Atlas if they 
use the book in conjunction with its two impor- 
tant forebears. The maps in At/as are built from 


benchmarks—the learning goals presented in 
Benchmarks for Science Literacy. Benchmarks 
itself was derived from the adult literacy goals in 
Science for All Americans. In addition, the con- 
nections among benchmarks that are made in the 
maps are based on the cognitive research and 
essays in Benchmarks, and on the account of 
adult literacy in Science for All Americans. 


USING ATLAS 

Atlas adds to the content of Benchmarks (and 
other standards documents) by displaying explicit 
connections among individual benchmarks, - 








Because these: connections are-themselves a criti- 
ох cal part of science literacy—and-of helping stu- 
dents achieve it—we have found ће maps invalu- 
able for guiding our own research and develop- 
ment and in. our work with educators at. all levels. 
The examples below illustrate just. afew of the 
ways maps can be used and why they can make a 
significant contribution to improving science edu- 
cation. 


Understanding benchmarks and standards. By 
studying even one map carefully, teachers and 
other educatcrs can enhance their own under- 
standing of the content and nature of the bench- 
marks as specific learning goals. Тп Project 2061's 
professional development workshops, for exam- 
ple, maps help educators clarify the meaning of . 
individual benchmarks and get a sense of what 
the benchmarks as a set are trying to achieve. Of 
course, local frameworks or other sets of stan- 
dards can also be studied with regard to the 
maps, to shed light on their coherence and com- 
prehensiveness—or lack thereof. 


Designing curriculum. Тһе information in the 
maps can help educators establish the responsi- 
bilities of different grades and subjects in stu- 
dents' growth toward literacy to ensure the cumu- 
lative effectiveness of instruction. The assignment 
of benchmarks to different grades and courses 
should take account of connections among the 
‘ideas and skills students will be expected to 
learn. Several states and districts have already 
used drafts of the maps to facilitate this process. 

\ 
Planning instruction, Maps can focus attention 
on what about a benchmark needs to be prepared 
for in instruction and what should be emphasized 
to support later learning. When students are strug- 
gling with an idea, maps can be used to decide 
what conceptual support might be needed or 
helpful. Learning experiences that take account of 
the connections amorig benchmarks are more like- 
ly to foster understanding. In the long run, helping 
students see how the things they learn fit together 
will enhance their understanding and retention. 


Developing or evaluating curriculum materials. 
Maps can offer materials developers a helpful per- 
spective on what benchmarks to target when. 
Maps can also help them think about activities and 
lessons that address the specific substance of the 
benchmarks—rather than only something under 
the same general topic lieading—at an appropriate 
level of sophistication. A critical step in either 


developing or analyzing materials is gaining a deep 
understanding of the targeted benchmark itself, the 
prerequisite ideas that contribute to it, and concep- 
tual connections that should be highlighted in the 
text of the material or the teacher guide. Maps are 
an essential part of Project 20617 curriculum 
materials analysis procedure. Many of the maps in 
Atlas were initially developed to support the 
Project's evaluation of curriculum materials. 


Constructing and analyzing assessment. When 
used in interpreting assessment, mzps сап help 
answer questions about when it is appropriate to 
assess particular ideas and skills, and why stu- 
dents might have had trouble with a particular 
task. With maps as a framework, assessments can 
be designed to probe where students are in their 
growth of understanding, rather than how well 
they know a collection of isolated ideas. In 
Project 2061's early work analyzing assessments, 
maps proved to be a key tool in locating bench- 
marks addressed by a task and pinning down 
their appropriate level of sophistication. 


Preparing teacbers. Whether in a pre-service or 
in-service context, all of the activities listed above 
can sharpen teachers' sense of what benchmarks 
mean and how to help students artain them. 
Teachers report that their own content knowl- 
edge is improved by studying the connections 
among benchmarks in the maps. Maps portray lit- 
eracy in science, mathematics, and technology 
from the viewpoint of how students are likely to 
develop that knowledge, providing a perspective 
on the content most helpful in thinking about 
how to teach it. 


THE SET OF MAPS 


This edition of Atlas does not constitute а 
complete set of maps—that is, it does not cover 


' all of the learning goals specified in Bencbmarks. 


Roughly half of the content in Bencbmarks is 
mapped here. A subsequent edition of AZas will 
complete the set. 


In this edition, some topics from most chapters 
of Benchmarks are mapped. Howcver, two 
Benchmarks chapters do not have maps in Atlas’ 
One is. Chapter 10: HISTORICAL PERSPECTIVES, 
although some benchmarks from that chapter do 
appear on a few maps in the other chapters of 
Atlas, and relevant historical episodes are men- 
tioned in the text that accompanies each map. 
The other chapter that does not have any maps 


“ 


The section STRAND MAPS AND 
BENCHMARKS in the back of this 
book gives further details about 
how much of Benchmarks is 
mapped in this edition of Atlas, 
and which maps individual bench- 
marks appear in. 


is Chapter 12: HABITS OF MIND; benchmarks 
from Chapter 12 are distributed among the maps 
in the other Atlas chapters. 


Because not all of Benchmarks has been mapped, 
a map may relate to topics that are not included 
in this first edition of Atlas. Such instances are 
noted in the text that accompanies the map, 

and the reader should look to the appropriate 
sections of Benchmarks or Science for All 
Americans for more details on the omitted topic. 


ORGANIZATION OF ATLAS 


The chapter organization of Allas follows that 
used іп both Science for All Americans and 
Benchmarks. Each Atlas chapter includes 
“clusters” of closely related maps that loosely 
correspond to the sections in the matching 
Benchmarks chapters. But because the Atlas 
maps juxtapose benchmarks from several differ- 
ent Benchmarks chapters and sections, a cluster 






























Benchmarks Chapter and section 


1." THE NATURE OF SCIENCE 
A. Tie ScieNTIPIC Worp Уп» 
B. ScisNTIMIC INQUIRY 
C. Tus SCIENTIE: ENTERPRISE 


benchmarks mapped 


2. THE NATURE OF MATHEMATICS 
A. PATTERNS AND RELATIONSHIPS 
B. MATHEMATICS, SCIENCI, AND TECHNOLOGY 
C. MATHEMATICAL INQUIRY 


3. THE NATURE OF TECHNOLOGY 
А. TECHNOLUGY AND SCIENCE 
B. DESIGN AND SYSTEMS 
C. ISSUES IN TECHNOLOGY 


4. THE PHYSICAL SETTING 
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6. THE HUMAN ORGANISM 
A, HUMAN IDENTITY | 
B. HUMAN DEVELOPMENT 
C. BASIC FUNCTIONS 
D. LEARNING ' 
E, Physica HuALTH 
E MENTAL HEALTH 


7. HUMAN SOCIETY 

A. СаплтинА Ийт oN ШАУ 
U. GROUP BEHAVIOR 

C. SOCIAL CHANGE 

D. SOGIAL TRADE-OFFS 

E, POLITICAL AND ECONOMIC SYSTEMS 
E SOCIAL CONFLICT 

С. GLONAL INTERDEPENDENCE 


Ls 
Proportion of 2 


of maps named for a particular section іл 
Benchmarks may include contributing bench- 
marks from other chapters or sections. 


Indeed, one value of the maps is that they bring 
together benchmarks relevant to each topic 
regardless of where they originally appeared in 
Benchmarks. For example, the SCIENTIFIC 
INQUIRY cluster of maps in Atlas Chapter 1: 

THE NATURE OF SCIENCE draws benchmarks 
primarily from the ScIENTIFIC INQUIRY section in 
the first chapter of Benchmarks, but also includes 
benchmarks from other chapters and sections. 
Figure 1 shows the table of contents of 
Benchmarks and where the maps in the 
SCIENTIFIC INQUIRY cluster take benchmarks 
from. те 


Although we have tried to align the set of maps 
in Atlas and the organization of Benchmarks as 
closely as possible, the process cf putting bench-. 
marks intc maps inevitably gives rise to a new 





Figure 1: The benchmarks mapped in the SCIENTIFIC INQUIRY cluster. 
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Bencbmarks Chapter and section berichmarks mapped 


8. THE DESIGNED WORLD 
А. AGRICULTURE 
B. MATERIALS AND MANUFACTURING 
C, ENERGY SOURCES AND USE 
D, COMMUNICATION 
V. INFORMATION PROCESSING 
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9. THE MATHEMATICAL WORLD 
А. NUMBERS 
B. SYMBOLIC RELATIONSHIPS 
C. SHAPES 
D. UNCERTAINTY 
E REASONING 








10. HISTORICAL PERSPECTIVES 
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D. SCALE =) 


12. HABITS OF MIND 
A. VALUES AND ATTITUDES 
D. COMPUTATION AND ESTIMATION 
C. MANIPULATION AND OIISERVATION 
D. COMMUNIGATION SKILLS 
К. CRITICAL RESPONSE SKILLS 


More complete summaries and 
references for research findings 
ona particular: topic сап be found 
in Benchmarks Chapter 15: THE 
RESEARCH BASE and in Resources 
for Science Literacy: Professional 

` Development (AAAS, 1997). 


organization and challenges the reader to think 
about Benchmarks in a new way: 


MAP COMMENTARY 


Each chapter of Atlas begins with a brief discus- 
sion of the topics it includes from the same chap- 
ter in Benchmarks, and the topics that will be 
added in the next edition of Atlas. That is fol- 
lowed by a brief discussion of each map cluster 


-in the chapter—focusing on its content as а 


whole and on the general relationships among 
the maps in the cluster. 


Each map is accompanied by commentary on the 
facing page. The first part of the commentary 
includes a general discussion of the topic at hand, 


ABOUT STRAND MAPS 


А strand map focuses on a topic important for 
literacy in science, mathematics, and technology 
and displays the benchmarks—from primary 
school to high school—that are ‘most relevant to 
understanding it, suggesting for each benchmark 
along the way earlier benchmarks it builds on and 
later benchmarks it supports. А central feature of 
the maps is the development over time of the ideas 
and skills expressed іп the benchmarks. To high- 


· light the developmental nature of the maps, we call 


them "strand maps.” By “strand” we mean identifi- 
able concepts or stories that are developed in 
groups of benchmarks across different grade levels. 


But sorting the benclimarks in a map into dis- 
tinct, rigidly defined strands is not necessarily 
helpful or even tenable. The concepts and stories 
that make up literacy often interweave, join 
together, and share benchmarks as they deveiop. 
More important is the notion of strands as impres- 
sionistic groups of benchmarks that convey the 
basic content of the map and help the reader 
focus on growth of understanding. 


BENCHMARKS 


The ideas and skills presented in the maps are spe- 
cific goals for student learning. We call these 
learning goals benchtnarks because they are 
derived from Benchmarks for Science Literacy, 
where each one is prefaced by the stem "Students 
should know that.." or the stem "Students should 
һе able Го...” In the maps, the text of each bench- 


a brief summary of the content of the map and its 
major strands, and remarks on related themes, his- 
torical episodes, or topics that have not yet been 
mapped. The second part of the map commen- 
tary includes "Notes" and "Research" relevant to 
the maps. Тһе notes point out interesting or diffi- 
cult aspects of the map that may help the reader 
studying the map, but they do not provide an 
exhaustive account of the ideas in the map. 


Relevant cognitive research is also included 


where it is available. This research, excerpted 
from Benchmarks Chapter 15: THR RESEARCH 
BASE, is limited to the research that was available 
at the time Benchmarks was published, and 
includes only those references that are particular- 
ly helpful in clarifying the map. 


mark is followed by a code that references the 
chapter and section of the corresponding goal 
statement in Benchmarks (see Map Key on page 
12). (Of course, mapping could be attempted with 
апу reasonably specific, coherent, and complete 
set of learning goals. Many of the issues raised and 
lessons learned in mapping benchmarks should 
also apply to other sets of learning goals.) 


Attention to connections among idcas and skills 
was a criticai part of developing Benchmarks, but 
because each benchmark might be involved in 
multiple contexts, it often could not be written to 
relate optimally to every other relevant bench- 
mark. Making explicit connections among bench- 
marxs in the maps inevitably has drawn more 
acute attention to their relationships and has sug- 
gested some minor fine-tuning. For example, many 
benchmarks contain several related ideas or skills. 
In the maps, these are often separated to clarify 
what specific ideas within one benchmark connect 
to what other specific ideas in another benchmark. 
Figure 2 shows how two benchmarks from a page 
in Benchmarks appear as three boxes in the maps. 


In А ағ, some benchmarks have been slightly 
reworded to clarify the flow of ideas and skills in 
the map. Despite these minor modifications, the 
benchmarks in the maps are consistent with the 
original versions as they appear in Benchmarks. 


In a few instances, the close scrutiny involved іп 
mapping has prompted more significant changes. 


In some cases benchmarks һауе been placed at 
grade levels higher or lower than in Benchmarks. 
In other cases, an additional contributing idea or 
skill was needed. Such needs have been met 
mostly by including an idea from Science for All 
Americans or the essays in Benchmarks, but in a 
few cases, а new benchmark has been construct- 
ed. Overall, the process of mapping has proved 
an effective way to fine-tune Benchmarks. 


CONNECTIONS 


Connections between benchmarks are based on 
the logic of the subject matter and, insofar as possi- 
ble, on the published research into how students 
learn--both in general and with regard to specific 
concepts. А connection between two benchmarks, 
represented in the maps by an arrow, means that 
one "contributes to achieving" the other (see Map 


























THE LIVING ENVIRONMENT 


Grades 6 through 8 


D uring middle school, several lines of evidence are 
further developed.The fossil evidence can be expanded 
beyond extinctions and survivals to the notion of 
evolutionary history. Sedimentation of rock can be 
brought in to show relative age. However, actual age. 
which requires an understanding of isotopic dating 
techniques, should wait until high school, when 
students learn about the structure of atoms, Breeding 
experiments can illustrate the heritability of traits and 
the effects of selection. It was familiarity with selective 
breeding that stimulated Darwin's thinking that 
differences between successive generations can 
naturally accumulate. 


By the end of tle 8th grade, students should know that 


> Small differences between parents and offspring 
can accumulue (through selective breeding) in 
successive generations so that descendants are 
very different from their ancestors. 


Changes in environmental conditions can affect 
the survival of individual organisms and Е 
entire species. 

» Many thousands of layers of sedimentary rock | | 
provide evidence for the long history of the earth 
and for the long history of changing life forms - 
whose remains are found in the rocks: More С 

recently deposited rock layers are more likély to“ ` 

contain fossils resembling existing species. W^ 











> Individual organisms with certain traits are more | .. certain traits are more likely 
likely than others to survive and have offspring. than others to survive and 








Key on page 12). The occasional double-headed 
arrow implies mutual support. 


One benchmark can contribute to another in 
different ways. For example, for students to 
understand the principle that forces cause change 
in motion, logically they need some prior under- 
standing of what "forces" and "change in motion" 
are. But logic alone is seldom adequate to charac- 
terize growth of understanding. Psychological 
and developmental factors must also be consid- 
ered. Often, to understand a benchmark, students 
need to first understand an earlier benchmark 
containing a less sophisticated version of the 
same concept. 


Cognitive rescarch specific to learning a particu- 
lar idea can help identify important precursors, 
supporting connections from other subject areas, 


=e a 
Figure 2: A page from Benchmarks and boxed benchmarks on the maps. 


Small differences between parents 
_and offspring can accumulate 
(through selective breeding)in 


eee successive generations so that 
т ` descendants are very different 


from thelr ancestors. 5F/1 


Individual organisms with 


have offspring. 5F/2... ` 


Changes in environmental .: 

conditions can affect the >> 

survival of individual. — ^ 
© organisms and entire: 
..specles.....SF/. 
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or common preconceptions. When specific 


9 > 
' research is unavailable, connections among. 


benchmarks are guided by general principles of 
cognitive development, such as concrete-before- 
abstract and simple-before-complex. 


For students to learn about the shape of the earth, 
for example, cognitive research reveals that it is 
important for them to have an early conception of 
the ea:th's gravity to account for why people on 
the "bottom" don't fall off. Ideas about the earth's 
gravity and its shape appear in two benchmarks iri 
the 3-5 grade range. The arrow between the two 
boxes in Figure 3 implies that understanding one 
benchmark contributes to understanding the other. 


Figure 3: Two connected benchmarks. 


Like all planets and stars, E 
the earth is approximately 


spherical in shane. 4В/2... 
The earth’s:gravity:pulis:any.. 


object on or near the earth 
toward it without touching 
it. 46/1; 48/1 





The benchmark on the shape of the earth also 
plays a role in a strand of benchmarks about the 
earth's gravity, which leads to a benchmark about 
universal gravitation. Figure 4 shows the develop- 
ment of ideas about the;earth's gravity in a strand 
of benchmarks that is part of the GRAVITY map. 


Achieving literacy in any particular topic involves 
the development of benchmarks at different lev- 
els of sophistication and often depends ой bench- 
marks normally considered outside of the topic at 
hand. 


LABELED STRANDS 


In each map, a few principal strands are pointed 
out to help the reader find things in the map and 
get a sense of its content (see Map Key on page 
12). These strands аге labeled along the bottom 
of the map, and, where possible, relevant bench- 
marks are positioned in a column above each 
label. The labeled strands are, of course, not the 


only strands possible for any particular map, and 


the reader is likely to notice other groupings of 
benchmarks that we have not labeled. 


АП strands are somewhat impressionistic and do 
not always proceed up a map in a perfect col- 
umn, have well-defined boundaries, or even start 
at the bottom of the map. They are meant to 


Figure 4: A strand of benchmarks about gravity. 


Gravitatlonal force Is an 
attraction between masses. 

The strength of the force is 
proportional to the masses and 
weakens rapidly with Increasing 
distance between them. 46/1 


The золе gravitational pull holds 
the earth and other planets In 
thelr orbits, just as the planets’ 
gravitational pull keeps their 
moons In orbit around them. 46/2 


Every object exerts gravitational 5 
force on every other abject. The 
force depends on how much 

mass the objects have and on 

how far apart they аге, The force 

is hard to detect unless at least 

one of the objects has a lot of 

mass. 46/1 


Everything on ог anywhere near 
the earth is pulled toward the 
earth’s center by gravitational 
force. 18/3 


E 





Like all planets and stars, the 
earth 19 approxlinataly sphorical 
Іп shape, 402... ге 


Тһе earth’s gravity pulls any 


object on or near the earth toward 
It without touching it. 46/1; 48/1 


K-2 
Things near the earth fall to the 


ground unless something holds 
them up. 4G/1 


the earth's 
gravity 





point out some of the major concepts or “stories” 
in the map as a reading aide, not to suggest a "cor- 
rect” organization of benchmarks into topics or 
prescribe any particular pattern of instruction. 


GRADE RANGES 


The horizontal lines in each map delineate the 
grade ranges in which most students should be 
able to achieve particular benchmarks (see Map 
Key on page 12). Benchmarks may be achieved in 
higher or lower grades depending on students’ 
interests, abilities, and experience. But they can- 
not be sorted into grades arbitrarily. When ideas 
and skills are pushed inappropriately lower in the 


grades—often to fit more into the curriculum— 
students’ understanding suffers. When they are 
left until too late, students’ interest and readiness 
may wane. 


А benchmark in a higher position within a grade 
range in a map is not necessarily more difficult 
tban the other benchmarks in that same grade 
range. Design considerations often move bench- 
marks—up, down, ог sidewavs—to allow connec- 
tions to be drawn. What leads to what is indicated 
only by specific connections between benchmarks. 


CONNECTIONS TO OTHER MAPS 


We have not simply sorted the benchmarks into 
separate maps. Rather, each map includes bench- 
marks relevant to understanding a literacy topic, 
regardless of where else in Atlas those bench- 
marks appear. Indeed, all the benchmarks could 
be seen as part of one vast pattern of ideas, skills, 
and connections—a hypotheticàl “mother of all 
maps." The maps in this book are extracted from 
that grand fabric in pieces comprehensive 
enough to provide insight into some topic, but 
small enough to be manageable and useful. 


Figure 5: The same benchmark in different maps. 


from the HEREDITY AND EXPERIENCE SHAPE BEHAVIOR map 


Afi ear В alfected by bot 
Inheritance and experience. 
NU 


Some animal species are limited 
to a repertoire of genetically 
determined behaviors; others have 
more complex bralns and can 
learn and modily a wide variety 

ol behaviors. 601... 


Unlike In human beings, behavior 
In Insects end many otl species 
В determined almost е. шеу by 
biological inheritance. 64/1 


Learning means using what one 
already knows to make sense out 
of new experiences ог information, 
not just storing the new 
information in one’s head, 60/5 


d \ E 
tnd partis irr Сри. : 
<> likenesses are leamed, пи 
Human beings can use the : Pack my дед ЕГА 
memory of thek past experiences. senem Н 
* to make judgments about new 
situations, 60/2 


- 
tu and liom ОНА 
AND INHERITED 

IAKACTENISTICS a 


‘effecte - 
ofheredity — 








Consequently, the same benchmarks—or even the 
same strands—can show up in more than one 
map. For example, a middle-school benchmark 
about energy can contribute to students learning 
about some very different topics in high school: 
states of matter, fusion in stars, and photosynthe- 
sis. Furthermore, some very closely related 
groups of maps within the same chapter are 
grouped in clusters that loosely correspond to the 
sections in each Bencbmarks chapter. 


Maps will not be understood as well, or used as 
effectively, if they are seen as independent enti- 
ties. To help the reader keep in mind the notion 
of a larger fabric from which we have teased out 
this set of threads, the maps indicate connections 
both between maps in different clusters and 
between maps in the same cluster. 


Maps in different clusters. If a benchmark plays 
an important role in several maps in different 
clusters, it may be included in each of them (like- 
ly showing somewhat different connections in 
each map). Or, if one map is the most appropriate 
home for the benchmark, it may appear only 
there, but indicate connections to other maps. 


In organisms that have two sexes, VC 
typlcatty half of the genes comes 
from each parent. ...58/1 


/ 


for offspring to resemble thek ҮС 
parents, there must be a reliable 

way to transfer information fom 

one generation to the next, 58/2 


Some емин between chitdren VC 
~~ and pi. ents are inherited. Other 
еленген are tearned, 58/1 ` 


K2 og 
paces ун nt lp үс k 
‘exactly, like thek parents and hhe ———À n AM kinds of living things have VC 
poe лой «л offspring, usually with two 

- parents lvolved. 69/1... 


mechanism of 
inheritance 





Connections between benchmarks in different 
maps are represented by dotted lines leading to 
‘the name of the connected map (see Map Key 

on page 12). Figure 5 shows a benchmark that 

appears in two different maps. In each map, a 

dotted line refers the reader to the other map. 


Maps in tbe same cluster The clusters were, in 
fact, once single composite maps, but they were 
too large to prirt readably. Though we have 
reformed them into multiple maps, they should be 
studied as a set. Maps within a single cluster are 
often so closely related that showing dotted-line 
connections between them would overwhelm the 
maps. Consequently, the relationship between 
maps in the same cluster must be inferred from 
benchmarks that are repeated on maps in the clus- 
ter. When a benchmark also appears on other maps 
in the cluster, those maps are indicated by ini- 
tials—such as ST for the SCIENTIFIC THEORIES map— 
on the side of the benchmark (see Map Key on 
page 12). Most clusters are made up of pairs of 
maps, though a few include three or four maps, 
and some single maps are in clusters of their own. 


Because each map had to be limited in scope, the 
reader may feel that something is missing from a 
particular map. Some "missing" benchmarks can be 
found on other maps in the same cluster or on con- 
nected maps outside the cluster, indicated by the 
dotted-line connections. If the *missing" benchmark 
is part of a topic that has not yet been mapped, it is 
mentioned in the map commentary and the reader 
should look to Bencbmarks or Science for АЙ 


Americans for the supporting context. x 


STRAND MAPS, 

CURRICULA, AND INSTRUCTION 

Strand maps do not prescribe any one curriculum 
design or sequence of instruction. Rather, they 
point out connections educators should keep in 
mind as they consider hosv to get students to 
science literacy. For example, the maps leave off 
many interesting relationships among benchmarks 
and topics that are not essential to the conceptual 
development of a topic, but suggest some approach 
or context in which the topic could be taught. A 
topic could be арргоасһесі with an emphasis on 
some general theme, historical perspective, or in a 
context such as science and society. The maps 
leave those possibilities open rather than promote 
one approach out of many. Such relationships or 
approaches that are particularly germane to a map 
are mentioned in the map commentary. 


But even the connections that are shown explicitly 
on the maps do not prescribe curricular or instruc: 
tional strategies. Connections among different dis- 
ciplines that show up in the maps are not meant tc 
suggest that the ideas or skills are learned best 
through integrated or cross-disciplinary courses. 
Salient connections could be addressed in a varicty 
of course structures (including existing Snes). 


Furthermore, two or morc benchmarks do not 
have to be taught together just because they are 
connected by an arrow or are close to one anoth- 
er on thé map. A class trip to a river, for example, 
might provide an opportunity to аррголећ two or 
more benchmarks that are not connected on any 
map—through say, measuring the water level and 
observing the animals that live near the river. Or, 
different curricula could include courses in whic 
the same topic is pursued in different contexts 
along with different groups of benchmarks. 
Neither does the sequence of benchmarks on the 
maps dictate a "teach this first, then teach that” 
procedure for instruction. To provide context or 
motivation for an clementary-level benchmark, a 
teacher could touch on some more sophisticated 
benchmark that will be dealt with in middle 
school (without yet expecting students to fully 
understand it). On the other hand, this does not 
mean benchmarks can be approached in any ran- 
dom order. The conceptual connections between 
benchmarks should be kept in mind. 


There are many creative ways to bring bench- 
marks together, depending on circumstances 
unique to districts or individual classrooms Cavail- 
able resources, class interest in a particular proj- 
ect, and so on). Maps do not predict or dictate 
the interplay of ideas and skills that can occur in 
different classrooms. However, they dc provide a 
conceptual foundation for designing a variety of 
curricula and instructional strategies. 


READING STRAND MAPS 


The strand raaps are meant to be studied, wres- 
tled with, and used. Although their complexity 
may seem intimidating at first, the effort put into 
studying them is worth it. In workshops and 
other presentations, we introduce maps by first 
showing onty two or three benchmarks, taking 
time to let the participants investigate carefully 
the connections among the benchmarks and 
think about what the connections mean. From 
there, it becomes easier to add benchnirks and 
gradually build toward the full map. | 


A similar incremental tack may help the reader 
approach and eventually get the most out of the 
maps in this book. Different approaches to a map 
may suit different uses, but most readers will find 


it helpful to focus first on a small part of the map. 


This could involve fincling a central benchmark 
and exploring all its connections, or studying the 
labeled strands and following a sequence of con- 
nections across grade ranges. (The commentary 
for each map usually discusses important bench- 


marks, strands, or interesting features of the map 
that could serve as a starting point.) 


The dotted-line connections to other maps and 
the map initials that indicate overlaps in a cluster 
may be distracting at first, and it might be best to 
ignore them for a while. But eventually, as the 
reader gets a feel for the map, they can provide 
valuable insights. | 
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GRADE RANGE — 
suggests when most . 
students could reach 

these benchmarks. The . 
relative vertical position 

of two benchmarks with- 
in a grade range does not . 
' necessarily mean one is ` 
more difficult than the . 
other unless there is a · - 
connection between 

them. (See page 8) 


BENCHMARK CODES 
indicate chapter, 
section, and number of 
the corresponding goal 
statement in Benchmarks. 
Dots before or after the 
code show if it is the first, 
last, or middle part of the 
statement in Benchmarks. 
Ideas from Science for All 
Americans or Benchmarks 
essays reference page 
numbers. Newly written 
benchmarks say "new 
benchmark." (See page 6) 


4 


LABELED STRANDS 
help tFe reader find things in the map 
and get a sense of the map's content. . 
Strands loosely suggest ideas or skills 
that develop over time. Strands often 
interweave and share benchmarks. 


(See page 8) 


MAP KEY 


BENCHMARKS E 

are specific learning goals derived from Benchmarks for 
Science Literacy. Benchmarks that specify knowledge appear in 
solid color boxes and those that specify skills appear in 
bordered boxes. Тһе benchmarks are sometimes condensed or 
truncated in the maps to clarify their connections to other 
benchmarks. (See page 6) 






SCIENTIFIC INQUIRY: EVIDENCE AND REASONING IN INQUIRY-FR 












there менен мао in $1 
seme about what В investigated 
and how, but they all have in 


common certain basic beliefs s 5 

Sometimes scientists can control 51 Hypotheses are widely usedin ST 

уы value or bier юк, conditions in order to focus on the science lor choosing what даа АВ 
Шыны dd effect of a single variable. When to pay attention to and what 













that К not possible for practical or additional data to seek, anu for 
ethical reasons, they try to. ` guiding the interpretation of the 
observe as wide а range of data (both new and previously 
natural occurrences as possible to available), 18/2 





be able to discern patterns. 18/2 
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Some aspects of reasoning have opinion are intermingled or the 
(ally rigid rules for what makes conclusions do not follow logically 
әти; other aspects don’t. If. 
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Sclentists do not pay much 
attention to daims әболл how 






















ЕЕ i far their statements with evidence that can be confirmed 
Seek better reasons for believing facts found in books, articles, and and with a logical argumant, 18/4 
something than "Everybody databases, and identity the 
knows that...” or "I just know" sources used and expect others. В ч 
Reasoning can be distorted by AB | and discount such reasons when tdoesame nEn fF Мм сыр sets er A Е 
strong feelings. 967 given by others, шэ ___ ж Keep à notebook that describes 151 Same tel of observeuisna Thal 





observations made, carefully s 
distinguishes actual observations usually leads to thelr making 
Hom ideas and speculations more observations to re^ sive the 
about what was observed, and is differences, 183 
understandable weeks or months 
later. 1203 






















and consider reasons suggested 
by others. 1242 
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lines of reasoning obeorvatione and evidence 


(See page 10) 


CONNECTING ARROWS 
indicate that achieving 
one benchmark con- 
tributes to achieving the 
other. The exact meaninc 
of a connection is not . 
indicated explicitly, but 
connections can be 
based on the logic cf the 
subject matter or on 
cognitive research about 
how students learn. 

(See page 7) 


CONNECTIONS 


." TO OTHER MAPS 


indicate that the bench- 
mark connects to bench- 
marks in another map, 
(outside the cluster), 
where it may also 

ac pear. (See pages 9-10) 


CONNECTIONS WITHIN CLUSTERS 
can be inferred from shared bench- 
marks. Benchmarks that are shared 
with another map in the cluster have 
the initials for the other map title 
just to the right of the benchmark. 





Alexander Calder Hanging Spider. 1940 


Over the course of bun.an history, people Бар developed many 
interconnected and validated ideas about the physical, biological, 
psychological, and social worlds. Those ideas have enabled successive 
generations to achieve an increasingly comprehensive and reliable 
“understanding of the human species and its environment. The means 
used to develop these ideas are particular wuys of observing, thinking, 
experimenting, and validating. These ways represent a fundamental 
aspect of the nature of science and.reflect how science tends to differ 


Jrom other modes of Rowing. 


SCIENCE FOR ALL AMERICANS 


CHAPTER 1 THE NATURE. OF SCIENCE ` 


CLUSTER: SCIENTIFIC INQUIRY Т, | | 
he nature of science involves the basic values and beliefs that make up the scientific world 
MAPS: EVIDENCE AND REASONING IN INQUIRY view, how scientists go about their work, and the general culture of the scientific enterprise. 
SCIENTIFIC INVESTIGATIONS The single cluster of maps for this chapter focuses on scientific inquiry: Benchmarks for 
NE ban 8 Science Literacy Chapter 1: THE NATURE OF SCIENCE contains otner, related topics that can 
enhance the maps presented here and are essential for a complete understanding of the nature 
of science. These topics, to be mapped in the next edition of Atlas cj Science Literacy, include 
universality of laws, values and ethics in science, Science as a social activity, and the interaction 
of science with mathematics and technology. 


SCIENTIFIC INQUIRY рр. 16-23 


For example: 

Although astronomers and molecular biolo- 
gists do very different work, like all scientists Scientific investigations usually 
they are trying to improve our understanding involve the collection of relevant 
of the material world, and they share a com- › evidence, the use of logical гсазоп- 
mon understanding of scientific inquiry. Тһе ing, and the application of imagina- 
separation of the benchmarks on scientific tion in devising hypotheses and 
inquiry into the four maps presented here is explanations to make sense of the 
somewhat artificial. Investigation is inextrica- collected evidence. | 
bly tied up with gathering evidence, reason- [| 
ing, seeking out sources of bias, and con- This middle-school benchmark sums up 
structing explanations. Some benchmarks are many of the ideas about scientific inquiry 
repeated in all the maps in this cluster and a and is central to all the maps in this cluster. 
'dozen or so appear on at least two of them. Many of the historical episodes in Science for 

7 All Americans and Benchmarks Chapter 10: 


HISTORICAL PERSPECTIVES are relevant to 
all of the maps in this cluster, as they exem- 
plify the processes through which scientists 
gain knowledge about the world. 
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othe | importance of carefü Observation the ^ 
role of" observations: in supporting: a line of 


tion. of- evidences ‘an det reas joning— 





reasoning, and the: value of reasoning in 
suggesting new observations: ‘For basic lit- 
eracy, students: should be. ible’ to observe 
апа describe things ‘accurately and under- 
stand. why those things are important in 
scientific inquirv. At the same time, they. 
Should understand what constitutes good 
reasoning, and practice judging reasons in 
others’ arguments and in their own. 
Instructionally, it may be helpful to think 
about the benchmarks in this map in con- 
junction with the scientific content in the 





other chapters of Benchmarks, particularly - 


when student-inquiry activities involve 
observation, gathering evidence, and mak- 
ing arguments. Related topics in 
Benchmarks that will be mapped in the 
next edition of Atlas will provide further 
context for the benchmarks in this map. 
They include measurement, estimation, and 
the use of technology to improve observa- 
tion and measurement. - 


= Many early ideis andi | 









-can control conditions... 


. NOTES 





ome together 
tists do not 
ms which has 
a "wide fan of connections to: ater bench- 


“> marks: It provides a‘reasonably good sum- 
` mation of the central ideas; framed in lan- 


guage appropriate to the 3-5 level. 


The lines of reasoning strand progresses 
from giving and looking for reasons in K-2, 


. to evaluaxing reasons in 3-5, to evaluating 


lines of reasoning in 6-8 and 9-12 (when 
students have some understanding of logic 
and inference). This strand also includes a 
benchmark about how reasoning can be 
distorted, which is also in the AVOIDING 
BIAS IN SCIENCE map. Further benchmarks 


. on detailed principles of reasoning can be 


found in Bencbmarks Chapter 9: THE 
MATHEMATICAL WORLD and will appear. 
іп the next edition of Atlas. 


In the observatione and evidence strand,the 
relationship between evidence and theory 
is hinted at in four early-grades bench- 
marks, that also appear in the SCIENTIFIC 
THEORIES map. In addition, the 9-12 bench- 
mark in that strand, “Sometimes, scientists 
» appears in and 
is supported by benchmarks in the 
SCIENTIFIC INVESTIGATIONS map. 


\ 


CLUSTER. SCIENTIFIC INQUIRY 


MAPS: | EVIDENCE AND REASONING IN INQUIRY ER 
SCIENTIFIC INVESTIGATIONS SI 
SCIENTIFIC THEORIES ST 
AVOIDING BIAS IN SCIENCE AB 





articular hypothesis, ”. 
елей from what Is is Й 





dents bellefs (Kuhn et а, 1988). 


2 Most high-school students will accept arguments based 
j dequate sample size, accept causality froni 








SCARE indgnifcant differences (Jungwirth & Dreyfus, 
Т 0, 1992: /ипоміті, 1381; More siudents can 


isione drawn from the data were invalid and 
ked to йе why) (ungwirth & Dreyfus, 1992; 








SCIENTIFIC INQUIRY: 


9-12 
There are different traditions in 5 
sclence about what is investigated 
and how, but they all have in 
КГТК i eiit common certain basic beliefs 
‘Insist that the critical assumptions about the value of evidence, logic, 
[behind any line of reasoning be and good arguments. 18/4... 
Í made explicit so that the validity 
jof the position being taken— 
i whether one's own or that of 
iothers—can be judged. 12Е/4 1 
6-8 


! i Notice and criticize the reasoning : 
in arguments in which fact and 
opinion are intermingled or the 
conclusions do not follow logically 
from the evidence given. 12£/5... i 


Some aspects of reasoning have 
. fairly.rigid rules for what makes 
г. Sense; other aspects don't, If 

. pecple have rules that always 

'. held, and good Information about 
a particuler situation, then logic 
"can help them figure out what Is . 

true about it, 9E/1... -- 
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Buttress thelr statements with С 
facts found іп books, articles, and 
databases, and identify the 
sources used and expect others 
to do the same. 12E/1 


сне 


Seek better reasons for believing . 
something than “Everybody 
knows that..." or “I just know": 
and discount such reasons when 
glven by others, 12E/3 





‘Reasoning tan Бе distorted by АВ - 
“strong fr slings. 95/2 


Ee 


г toand I trom 
.. HEREDITY AND 
* "EXPERIENCE 


SHAPE BEHAVIOR Offer reasons for their findings 


and consider reasons suggested 
by others. 12A/2 


People can often learn about 4 
things around them by just ; 
observing those things carefully, 

but sometimes they сап leam __ 


- в 


“орі are more ad to believe — 










Ask "How do you know?" In 
appropriate situations and 
attempt reasonable answers | 
when others ask them the same 
question. 12Е/1 





Raise теста about ће world’ |9 

around them and be willing to -~ | ST . 

seek answers to some of them ty ` 

making careful observations and" | 
«| trying things out. 12A/1 


lines of reasoning 


later, 120/3 P 
y Tad , 


observations and evidence — 


EVIDENCE AND REASONING IN INQUIRY Е 


Hypotheses are widely used in 57 
science for choosing what data АВ 
to pay attention to and what ` 
"additional data to seek, and for 
guiding the Interpretation nf the 
"data (both new ard previously 
avallable). 18/2 


Sometimes, scientists can control $I 
conditlons in order to focus on the 
effect of a single variable, When 

that Is not possible for practical or 
ethical reasons, they try to 

observe as wide a range of 

natural occurrences as possible to 

be able to discern patterns. 1B/3 


А | Hypotheses are valuable, even if 51 
“Scientific investigations usually 51 they turn oüt not to be true, If 

Involve the collection of relevant ` ST they lead to fruitful investigations. 
evidence, the use of logical AB 12A/2 

reasoning, and the application 

of imagination іп devising 

hypotheses and explanations 

to make sense of the collected 

evidence. ...1B/1 


епіс d ks ot рау ‘much | 







Sometimes scientists have ^ ST 


А | Keep a notebook that describes |017 different explanations ior the АВ 
observations made, carefully ST same set of observations. That 
distinguishes actual observations į —›> usually leads to thelr making 


| from ideas and speculations i more observations to ‘resolve the 
Í about what was observed, and is. | differences. ...18/3 N 
understandable weeks or i А 


> | E 


uet When people give: нета 

© descriptions of the sume thin 

> .  lssuallya good Idea to mà 3 

+ шеге” some fresh observations Instead - 

“of just: am about who Lu f 
night: 18/4: UM 

















^to ano from 
Deseri n ome 8 2... RATIOS AND 
elf 5 PROPORTIONALITY 


M 
-. 


-..9 AVERAGES AND: 
г „COMPARISONS 
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TIFIC INQUIRY: 


they include some common: ‘aspects that : 
are important for literacy. "This map devel- 


. ops along four ‘strands of benchmarks 


about the different forms: f investigations, . 
good record: "keeping; and: communication, 
the importance: of reliability, and the con- 


trol, of conditions that reliability requires. 


Science for All Americans and Benchmarks 
ask that students understand how scientists 
go about their work, but do not call for 

them to be able-to perform scientific inves- 


“tigations exactly as scientists do. Some skill 


benchmarks, however, appear in this map 
because they contribute to students' under- 
standing of investigations and are, them- - 
selves important for literacy. 

Students can make progress toward 
understanding almost all topics in the 
physical and life sciences through investi- 
gations. Used together with maps оп а 
specific topic, this map can suggest what 
general scientific ideas and skills students 
should come away with beyond under- 
standing the phenomena under investiga- 
tion. Students’ understanding of investiga- 
tions could be enhanced by topics that 
will be mapped in the next edition of 
Atlas, including ethics and values in sci- 
ence, and the role of technology in, extend- 
ing scientists' ability to accurately observe 
and analyze. 


^ - NOTES .- ds 
868 benchmark 
г. variables. in ехрегінк n 
"control and condltione:strand. An important 
precursor to this: ben 
in comparisons, which: students can likely 


| SCIENTIFIC INVESTIGATIONS 










| с nitrolling 
4 ippears in the 








jark is “fairness” 





understa nd in 3-5. Controlling variables 
and isolating the effects of a single variable 
are important as ways of explaining 
discrepancies between similar investiga- 


: tions ancl as ways of obtaining evidence. 


The 9-12 benchmark in this strand also 
appears in the EVIDENCE AND REASONING 
IN INQUIRY map. 


‘The reliability of results strand focuses on , 
expectations and interpretations of diffei- 


_ ing results in similar investigations. The, 


notion that similar investigations should 
give similar results, in K-2, contributes to 
students’ later understanding of the impor- 
tance of discrepancies. Nearly all of this 
strand is also part of the AVOIDING BIAS IN 
SCIENCE map. 


Describing and interpreting evidence gen- 
erated through investigations typically 
requires statistics. Benchmarks about sum- 
marizing, interpreting, and comparing data 
can be found on maps in the STATISTICS 
cluster (in Chapter 9). 










CLUSTER: SCLENTIFIC INQUIRY 


MAPS: | EVIDENCE AND REASONING IN INQUIRY ER 
SCIENTIFIC INVESTIGATIONS SI 
“SCIENTIFIC THEORIES ST - 
AVOIDING BIAS IN SCIENCE AB 






RESEARCH TN BENCHMARKS 


| Upper шу i middle- schoo! students may not 






i уло things out or 
producing a desired outcome (Carey et al., 1989; 
| де In With паше 





сагеугега! #1989; 
^t is: ‘possible for younger students to achieve this 
к needs further investigation. 


When engaged in experimentation, students have 

- difficulty interpreting covariation and noncovariation 
evidence (Kuhn, Amsel, & O'Loughlin, 1988). For 
example, students tend to make a causal inference basec 


a o jtrence. of antecedent and outcome or 
79 | f Лу nderstanding the distinction between a 


variable having no effect and a variable having an 
opposite effect: 













E "T әре ФЕЛЕлізгу5 -school students сап reject a proposed 


‘a шына test ‘where a factor whose effect i is 





2 ; generally ‘pplicable 
procedure for planning experiments (Wollman, 19778, 
"19775; ‘Wollman & Lawson, 1977). Although young 
children have a sense of what it means to run a fair test, 

‘the үйө ently identify all of the important 

ial the likely to contro! those 

: ; eve Will affect ће result. 

| Accordingly, student familiarity with the topic of the 

given experiment | iniluences the likelihood that they will 
control ‘variables (Linn & Swiney, 1981; Linn, et al., 
1983): After specially designed instruction, students in 
8th grade are able to call attention to inadequate data 
< resulting. from lack of controls (see for example Rowell & 
A TEN Ross, 1988), 


суы} 


E 









9-12 


SCIENTIFIC INQUIRY: SCIENTIFIC INVESTIGATIONS SI 


Ther? are different traditions in ER Investigations are conducted for 
А science about what is investigated different reasons, including to 

Sometimes, scientists.can co.trol ЕК and how, but they all have in . . explore new phenomena, to 
conditions in order to focus on ie eee сас common certain basic belies — ^ check on previous results, to test 
the effect ої a single variable. about the value of evidence, how well a theory predicis, and 
When that 15 not possible for logic, and good arguments. 18/4... to compare theories, 18/1 
practical or ethical reasons, they wey 
try to observe as wide a range of E 
natural occurrences as possible to 
be able to discern patterns. 18/3 


















ж | teres at itur dS LE Reit e 


Scientific Investigations usually ЕА 
involve the collection of relevant . x 
А : evidence, the use of logical 

Accurate record-keeping, reasoning, and the application of 











-to CORRELA. ION 
A, 





i ix openness, and replication аге: . Imagination in devising 
to STATISTICAL ` Even with similar results, M pute га for deci ith ‘hypotheses and explanations to 
scientists may walt until an nvestigatcr's.credibility with - make sense of the collected’ 
other scientists and society. 1С/7 evidence. ...18/1 


"REASONING *-.. * 
$ investigation has been repeated 


If more than one variable changes к 
at the same time іп an Ее ы many times before accepting the 
experiment, the outcome of the results as correct. ...1A/1 

5 


experiment may not be clearly 
attributable to any one of the 
variables, It may not always be 
possible to prevent outside 
variables from influencing the 
outcome of an investigation ` 
(or even to identify all of the 







variables). 18/2... 
| Notice and criticize the | When similur investigations give АВ 
different results, the scientific 


i reasoring in arguments in 
| which... no mention is made of 
wheiher the control groups are 
very much like the erperimental 


Y ‘challenge Is to judge whether the 
differences are trivial or significant, 
and it often takes further studies 
to decide. 1A/1.... © 

















things being investigated, the 
methods used, or the circumstances 


group, 1285 
! : көр Clear communication із ап АВ ) | Scientific investigations may take 
{ Sometimes:similar.investigations ER ‚ ‘esseitlal part Gf doing science: “> . many different forms, including 
i give different;results because of. . | alten riabies'sclentists to Inform. observing what things are ike or 
: unexpected differences In the Polar about thelr work, expose’: what Is happening somewhere, 
! their ideas to criticism by other ; collecting specimens for analysis, 
-and doing experiments, 18/1... 


:sclentists, and stay Informed 


Я 
-about scientific discoveries 


in which the Investigation is carried ~ 
around the world, 1С/2 

























г 
1 
i 
L 
Н out, and sometimes just because 
! of uncertaintles-In observations. 
i МААЛ. C Lg | | у 
to STATISTICAL. One reason for following І 
REASONING ^... А | directions carefully and for ОНС ere — ey : 
қ ————— | keeping records of one's work is Keep a notebook that describes | ER : 
қ Recognize when comparisons | Results of scientific investigations AB to provide information on what. | observations made, carefully м _ 
x might not be fair because some  ; are seldom exactly the same, but cd might have caused differences in distinguishes actual observations Н ^ 
\, ,*"| conditions are not kept the Г if the differences are large, It is investigations. ...1B/2 from ideas and speculations about | (OAUERAGES AND 
| Important to try to figure out why. what was observed, and is | - COMPARISONS 
: understandable weeks or months ; m Н 


7A. | same. 126/2 





later, 1203 





-° ——— — 






7 to 182... 






to AVERAGES АМО", 
“СОМ ARISONS 














things in terms of 


to SOCIAL 
number, shape, texture,| : . 





“people can often learn about things ER 





























: | $0 DECISIONS 
to DECISIONS “whi wil $e | 
7 TECHNOLOGY o don efythingithat n . | size, welght, color, and 
pe . bet shat a) diei nr “| motion: 120/1. < - around them by Just observing - 
P ме е Es END ZEE - those things carefully, but - 

” “теңі metimes they can learn. more by 

d jing.somiething to the things and ~ 
Ses ating what tunes 18/ 12-2 


control and conditions reliability of results 









knowledge чн ime As the - | 
labeled strands i in this. map suggest, a scien- 


'IFIC INQUIRY: 


tific perspective оп theories involves the 
relationship between explanation and evi- 
dence, the idea that there сап be тоге. 
than one explanation for the same evi- 
dence, and some notion of how theories 
are judged, modified, and replaced, 

Often what is being studied in the natu- 
ral and social sciences are theories, which 
-can be appreciated for their explanatory 
aud predictive powér, Also, most of the 
historical episodes in Science for All 
Americans and Benchmarks Chapter 10: 
HISTORICAL PERSPECTIVES exemplify 
theories being constructed, revised, or 
replaced. Related topics in Benchmarks to 
be mapped in the next edition of Atlas 
include the understandability of the world, 
critical-response skills, and science as a 
social activity. 


FIC THEORIES 


nd explana- 


uide range of 





a evidence—and mathematical and concep- 


tual models play a role in all of these. 


. Explanation is probably an adequate 
notion in the early grades. Hypotheses and. 
theories can come later. But for basic liter- | 


acy, strict definitions of these separate 
terms need not be stressed. 


In the making sense of evidence strand, 
judging theories on the basis of their pre- . 
dictive power is delayed until the later 
grades, when students have some under- 
standing of the distinction between a theo- 
ry and evidence for that theory. Educators 
wanting to better understand the relation- 
ship between theory and evidence may 
find it helpful to study this map and the 
EVIDENCE AND REASONING IN INQUIRY map 
together. 


The role of creativity and imagination in 
coming up with hypotheses and theories 
is embedded within several benchmarks 
rather than given a strand of its own. It. 
appears in the 6-8 benchmark "Scientific 
investigations usually involve...” in the 
making sense of evidence strand, and in the 
6-8 benchmark “Different models can be 
used...” in the alternative explanations 
strand, 









‚ CLUSTER SCIENTIFIC INQUIRY 
MAPS: — EVIDENCE AND REASONING IN INQUIRY ER - 
SCIENTIFIC INVESTIGATIONS SI 

. SCIENTIFIC THEORIES ST. 

“AVOIDING BIAS IN SCIENCE АВ 


cri tte 


RESEARCH IN BENCHMARKS 


‚ Although+most: ‘students believe that sclentifíc knowledge =- 
‚ “changes, they typicully think changes ¢ occur mainly in 
_adacts, and, mostly: through: the invention of improved 
: logy f 


Tex 


m measurement, They do 








ee jon Келсе: and interpretation of evidence 2 
Aen, ш & Donovan, 1983; Kuhn 1991, 1992; 
| amen, & t Conant, 1992). "оте research 





5 middle ‘School (Roseberry et al., 1992). 


SCIENTIFIC INQUIRY: SCIENTIFIC THEORIES ST 


9-12 ' SERRA RE 


fea and’ ae e 













Eos cni S ДЕ zu -- Жот time to time, major shifts 
Жалы i " T occur In the scientific view of 
cea et Mls то. " id fbselerices iiir pe how the world works. More 
SN orate Е Нелер уха ding of - often, however, the-changes - 
ЕРДА Бе t /old;never . . that take place In the body of . 
ЖЕШ КЕЕ СЕНТЕ от оте ОС ends "sclentific knowledge аге small : 
to and from car Widersrange ot observa ; : Sd an dd eating. bi modifications of prior knowledge. . 
STATISTICAL ~.. SAYS ARE > itanidihg. ot уул kin . Change and continuity are 
REASONING ESI E ies dd But not К шаша 1А2 
‘prediction: Jal otis ast | Ne asin aclence:dre'limited - 
БЕРЕР Аы. УЕН унет км! they are 
In the long run, theorles аге :: ‚ "NI éoncelved, and are often rejected 
judged br tod they fit with” ‘the only me ‘model бг the only by the scientific establishment, 
other theories, the range of one that Hoa Wore. 1183 п, 18/7... М 
Ше” observations they explain, how x CORRELATION $ 
well they explain observations, У : И 
Hypotheses are widely used in ЕК and how effective they are In ` NEN РА з, the short ran, new Ideas 
sclence for choosing what data АВ predicting new findings. ...18/6 \ nara . : — shat do not mesh well with 





Suggest alternative ways of 
explaining data and criticize 
arguments in which data, 
explanations, or conclusions are 
represented as the only ones worth 
consideration, with no mention of 
other possibilities. 12E/6,,. 


mainstream Ideas іп science 
often encounter vigo. ous 
criticism. 1B/6... | 








250 pay attention to and what 
` . additional data to seek, and for 
guiding the interpretation of 
the data (both new and 
previously available). 18/2 








Scientific knowledge is subject to 
` modification as new information 
challenges prevailing theories 
and as a new theory leads to 
looking at old observations in a 


to and from 
MATHEMATICAL 
MODELS 





. new way. 1A/2 
Я? Hypotheses are valuable, even ER 
If they turn out not to be true; If 
they lead to frultful investigations, . 
124/2 
"5 f del 
Sclentific investigations usually ЕВ Different models can be шей to Some scientific knowledge is very 
Involve the collection of relevant SI represent the same thing..." z; - old and yet Is still applicable 
evidence, the use of logical . АВ Choosing à useful model is > ойуЛАЗ С 





reasoning, and the application of the Instances іп which — 

of Imagination іп devising - intuition and creativity соте into ! 

hypotheses and explanations to play Іп science, mathematics, atid · Often different explanations can 
make sense of the collected engineering. 118/3 "Бе given for the same evidence, 
“evidences. лвл ебі always ‘possible to | 
; tell which, |$ correct. 1248 .! 














Sometimes sclentists have — .. . 
“different explanations for ће. 
same set of obrervations, That 
usually leads to thelr making .- 
Bee more observations to resolve the 


-differences. 18/3... .. $ 





== 
Г.Д Keep a notebook that describes 
observations made, carefully 
:distinguishes actual observations 
rom ideas and speculations 
‘about what was observed, 

| is understandable weeks 

-or months later. 12С/3 







=Sclentists’. explanations about; - AB 
what happens In the world come 
partly from what they observe, - 
` "partly from what they think; 185... 













-some fresh abservatiori 
of Just arguing about wh 
sright.18/4::- ds 





Raise questions about the world. ER 
around them and be willingto | 
seek answers to some of them by | ` 
making careful observations and 
trying things out. 12A/1 











making sense alternative 
of evidence explanations 





modificatio 
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scientific methods. Thi a shows.a p pro- 


gression of. understanding about potential 
‘biases in science (for example, the power- 


ful effects of prior expectations.on obser- 
vation) and scientists’ attempts to reduce 


those biases. This progression includes 
benchmarks about the reliability of results . 


in investigations, possible safeguards 


against bias, and how biases arise in ехрес-: 
tations, explanations, and reasoning. A 
number of topics in Benchmarks that will | 


be mapped in the next edition of A//as are 
also relevant to bias in science; they 
include how people learn, principles of - 
reasoning, and group behaviar. 


А5 ІМ SCIENCE. 


be билай їп the STATISTICAL REASONING 








map (in Chapter 9). 


The 3-5 benchmark in the rellability of 
results strand draws from nearly every pre- 
ceding benchmark and joins ideas about 
bias with the scientific effort to achieve 
reliable results in investigations. This | 
benchmark and the rest of the reliability of 


results strand also appear in the SCIENTIFIC 


INVESTIGATIONS map. 


A central 6-8 benchmark in the safeguards 
strand presents the notion of objectivity 
for the first time. Objectivity is desirable 
for scientists as individuals or teams, but 
еге is almost inevitably some subjectivity 
in their work. Because. the scientific enter- 
prise as a whole can be more objective, 
the idea of objectivity should be related to 
the need fer communication, criticism, and 
replication. 


The relationship between bias in science 
and social biases more generally is most 
obvious in the 9-12 benchmatk (on the 
right side of the тар), which describes 
how scientists are subject to the same per- 
sonal interests and biases as all other mem- 
bers of society. A more complete treatment 
of benchmarks on social biases can be 
found in the SOCIAL DECISIONS map (in 
Chapter 7). 


CLUSTER: SCIENTIFIC INQUIRY 


MAPS: EVIDENCE AND REASONING IN INQUIRY ER 
^ SCIENTIFIC INVESTIGATIONS 51 
SCIENTIFIC THEORIES ST 
AVOIDING BIAS IN SCIENCE AB 








^or accept evidence thatis 2” 
iefs and хони distort ог fail 





‘SCIENTIFIC INQUIRY: AVOIDING BIAS IN SCIENCE АВ 


3-12 is 


The direction of scientific research 
Is affected by Informal influences 
within the culture of scfence itself, 







Bias attributaole.tg the such as prevailing opinion on what 
$$ Investigator, the sample, the — NE cd questions are most interesting or 
from STATISTICAL mettiod, or the Instrument тау”. Loe what methods of investigation are 
REASONING 777777777777777 not be completely: avoldable in ^ “most likely to be fruitful; (SFAA, p.8) 
every Instance, but sclentists want Я p 
„Хо know the possible sources of .. - 
bias and how bias is likely [NE 
influence evidence. (SFAA, p. 7)... -. : N 
ч ` Where their own personal, 
Ж Institutional, or comunity 
: В ; Interests are at stake, sclentists 
Баты wisi с irt TO Hypotheses are wideyusedin EL as a group ean be exert 
Е 15 ы ante кн еле То avold blased observations, science for choosing what data 57 be no less biased than other 
2 b Ане method 9 Л y die ` sclentific studies sometimes use to pay attention to and what Groups are about their perceived 
Spout nel Ph 5 and findings, di that observers who don't know what additional data to seek! and for interests, ...1C/6 
reason, scientific teams are expected to seek thé:results are “supposed” to gulding the Interpretation of the 20) D 
out the possible sources of blas in the design bé. ...9E/4 data (both new and previously . | A 


of their investigations, and in their data 
analysis. Checking each other's results and 

‘explanations helps, but that is no guarantee 
against bias. 1В/5 


available), 1B/2 и P 





` from HEREDITY from SOCIAL 
AND EXPERIENCE DECISIONS 


Р SHAPE BEHAVIOR 
The expectations, moods, and 


prior experiences of human 












beings can affect how they 
interpret new perceptions or . 
ideas. People tend to ignore - Once a person believes a general 
evidence that challenges their tule, he or she may be more likely 
; beliefs апа to accept evidence to notice cases that agree witn it 
Е ; heñ and ignore ones that don't, 
x COUPE 96/4... 
СА C . 
x8 — А 
“Бен with.similar results, scientists SI ute НЕКЕ 
may walt until an Investigation AND EXPERIENCE 
- has been repeated many times SHAPE BEHAVIOR 
before accepting the results as ' x 
correct. ...1A/1 N 
Scientists know about the danger N, 
Di cm of prior expectations to қ 54 
; objectivity and take steps to try M Sometimes people invent a 
| А and avold it when designing EN general rule to explain how 
р Investigations and examining . something works by . 
| data, One safeguard isto have. ---- What people expect to observe Sclentific Investigations usually — ER summarlzing observations. But 
^ different Investigators conduct often affects what they actually involve the collection of relevant 51 ople tend to overgeneralize 
independent studies of the ате | . do observe. Strong beliefs about evidence, the use of logical’ ST „>. тагЫ general ka on the 
questions. ...1B/3 , What should happen in рио reasoning, and the application basis of only a few observations, 
circumstances сап prevent them of imagination in devising 9t/3 
| ‚Кот detecting offer results. hypotheses and explanations to 
1823... make sense of the collected 
evidence. ...1B/1 
When similar Investigations give 51 І | 
different results, the scientific р 
challenge Is to judge whether 
the differences аге trivial or "Attending closely to any one. . 
signiticant, and it often takes SN input of Information usually 
. further studies to decide, 14/1... ; : reduces the ability to attend to 


others at the same time. 60/4 


О. 
. Results of scientific investigations SI 
аге seldom exactly the same, but 
ЗЕ the differences are large, it 15 


‘Important to figure out why. 18/2... Е el 
zt 


: Clear communication is an essential 51 
 ipart of doing science. It enables 
; Sclentlsts to Inform others about 
* thelr Work, expose their ideas to 
: criticism by other scientists, and stay 
informed about scientific discoveries 


` Reasoning can be distorted ER 
by т feelings. 9Е2 












There'ls а danger of thoosing only fom 

| the data that show what Is expected _______ STATISTICAL 
s scientists have... ER buen person doing,the choosing, : REASONING 
xplanatlous for ће · ST el: 
of 3bs&rvations. That, a 


] 

















from HEREDITY 
AND EXPERIENCE 
.- Sclentists' explanations about SY Е SHAPE BEHAVIOR 
what happens in the world come 
partly from what they observe, 
partly from what іші think.: | 





| агойп@ the world, 1С/2 Т 18... 4 m $5 
bw ; ‘+ When people give different 
ў descriptions of the same thing, 
- h doing science, itis often 1 It Is usually а good idea to. 
Һер to Work witha team and.” ‘make’some fresh observat 
-tó'share findings with others. All ` == instead of just arguing аһош 
team members should reach thelr who Is right, 18/4 d 
-own Individual conclusions, . 
however, about what the 
findings mean. 1C/2 . 
reliability of safeguards 


resulte 


| Го. Ly TOK 


| /| Е: 
ANL A \ КҮНІН || 


C. D. бохіа ав Model оқрош/еуаға network of central Paris, 20th century 
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Mathematics reties on both logic and creativity, and it is pursued both 

“Уот a variety of practical purposes and for its intrinsic interest, For some 
people, and not only professional mathematicians, the essence of 
mathematics lies in its beauty and its intellectual challenge. For others, 
including many scientists and engineers, the chief value of maibematics 
is bow it applies to their own work, Because mathematics plays such a 
central role in modern culture, some basic understanding of the nature 
of mathematics is requisite for scientific literacy. To achieve this, 
students need to perceive mathematics as part of the scientific endeavor, 
comprehend the nature of mathematical. thinking, апа become familiar .. 
with key mathematical ideas and skills, 


SCIENCE FOR ALL AMERICANS 


СНАРТЕЁ 2 THE NATURE OF MATHEMATICS 


CLUSTER: MATHEMATICAL INQUIRY ! 

I. traditional school mathematics, students rarely expiore mathematics itself as an ever-grow- 

MAPS: MATHEMATICAL PROCESSES .. . ing, creative, and vital enterprise. Nor are they helped to appreciate the principles at the core 

MATHEMATICAL MODELS of mathematical progress. The maps included in this chapter explore some general processes 
Í of mathematical inquiry. Several other topics from the corresponding chapter in Benchmarks 

for Science Literacy will be mapped in the next edition of Atlas of Science Literacy and are 
important for understanding the nature of matliematics, including theoretical and applied 
mathematics, patterns and relationships, and the interaction of mathematics, scieace, and 
technology. 


MATHEMATICAL INQUIRY рр. 26-29 


Using mathematics to model objects, relation- i 
ships, and events can be thought of as one 
aspect of the more general processes 

involved in all work in mathematics. 
Consequently, the two maps in this cluster 
build on similar foundations and share a 
number of benchmarks in the early grades— 
largely about numbers and shapes being 

used to represent many things. In addition, 
they share a high-school benchmark: 


Much of the work of mathemati- 
cians involves a modeling cycle, 
consisting of three steps: (1) using «- 
abstractions to represent things or 
ideas, (2) manipulating the abstrac- 
tions according to some logical 
rules, and (3) checking how well 
the results match the original 
things or ideas. The actual thinking 
need not follow this order. 


The “modeling. cycle” referred to in this 
benchmark is clearly relevant to the process- 
es of mathematics more generally. 













26 


Ang abstractions (i ; Ginclüdirig t timés, 


ис SUME 


abstractions fro: m ther. abstractions), and: 





и manipulating abstractions according to: logis 





cal rules. There. are obviously many con: - 





nections ‘among: these: different: aspects | of 
the work of mathematics. This map shows А 


explicit and extensive connections to maps 
on mathematics topics in Chapter 9: THE 


- MATHEMATICAL WORLD (e.g., RATIO AND. 
-PROPORTIONALITY, GRAPHIC REPRESENTA- 


TION, and AVERAGES AND COMPARISONS). 


“In addition, there are likely to be still more 


connections to topics in the corresponding 
chapter-in Benchmarks that will be 


mapped in the next edition of Atlas, includ- 


ing number sense, measurement, reasoning, 
and shape. 
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an nt t for literacy 
sample of the 
kinds of. iu studenis should be able to 
do if the general concepts in this map аге: 
going to have meaning. But not all such. 
skills could be represented here. Skills 


relating to geometry and data, for example, .- 


are underrepresented. 


There are noticeably fewer benchmarks in 
6-8 than in the other grade ranges, but 
those included are.essential and broad in - 
their implications. For example, the 6-8 
benchmark “Use, interpret, and compare 
numbers...” could be understood: to 
include complicated operations, but the 
intent for basic literacy is more humble: 
distinguishing and converting between 
equivalent expressions. 


` In the representation and abstraction 


strand, four early benchmarks about using 
numbers and shapes to represent "things" 
lay a foundation for later understanding of 
abstr: action and generalization. Early on, 
"things" mostly refers to concrete objects, 
but should eventually be taken in the most 
general sense, including abstract mathe- 
matical “objects.” These early benchmarks 
are also important in the MATHEMATICAL 
MODELS map, where they are part of the 
representation and modeling strand. 








“сізге: MATHEMATICAL INQUIRY 


MATHEMATICAL PROCESSES MP 
MATHEMATICAL MODELS MM 


MAPS: 











| solved quickly or r not at all; тараа problems and 
К һе 5 lutions do n not have tor make sense; and that- 








(ыш қ 
j venton (Schoenfeld, 1985, 1989a, 19890), These 
imitistudents: mathematical behavior . 


БТ 985): Further research is needed to assess. 


sawnen and ae students can understand that 
| Inquiry is а cycle in which ideas аге 
тасу, the abstacionsa are e manipulated, l 


MATHEMATICAL INQUIRY: MATHEMATICAL PROCESSES МР 


































































































9-12 
As in other sciences, simplicity is 3 
one of the highest values in , 
mathematics. Some " 
mathematiclans try to Identify Some work In mathematics Is, - 
the smallest set uf fules froi 
which many other. proposition 
Mathematics Is the study of any can be logically derived. 2А/2 7, 
patterns or relationships, whereas 657 А 
natüral sclence is concerned only ‘see e whati can амы 26A 7 Much of the work of MM 
with those patterns that are mathematicians involves a Symbolic statements can be 
relevant to the observable world, modeling cycle, consisting of . ~, manipulated by rules of 
Although mathematics began thr ге steps: (1) using abstractions ~ mathe.natical logic to produce 
long ago In practical problems, to represent things or ideas, other statements of the same 
It soon focused on abstractions (2) manipulating the abstractions . relationship, which may show 
from the material world, and then according to some logical rules, \some interesting aspect more 
on even more abstract relation- . and (3) checking how well the clearly. 98/2... 
ships among those abstractions. results match the original things : 
2A or ideas... The actual thinking . э 
need not follow this order. 2С/2 i 
4 
1 
Find answers to problems by AE: us 
substituting numerical values in | 1 1 Make up fand write out: | 
simple algebraic furmulas апд; | algorithms for solving problems ; 
judge whether the answer is | i that take several steps, 1283 | 
reasonable by reviewing the. ' | ! ‚ "a 
| Process and checking against | ү 3t 
1 Әріса! values, 128/2 ) 1 rà 
b —— 1 RUN RES i a 
_ maa ж-е. ree € —À— AQ —————— ее —— - -—-— 4 : е Н А A sas 
6-8 ТЕ 
to and from 
А SYMRC, IC 
E REPRESENTATION 
1o and T 
STATISHCAL 
REASONING 
Mathematicians often represent - Е ? 
. things with abstract ideas, such Orgdhize information in simple / 
r as numbers or perfectly straight -` tables and graphs and identify S ee SENE 
lines, and then work with those relationships they reveal. 120/1 Use, Interpret, and compare ! 
ideas alone, The “things” "from. vee gop numbers Їп several equivalent — ; 
which they abstract can be ” forms such as integers, fractions, 
ideas themselves; л... “ decimals and' percents. 12B/2 ; 
to and from $5 
GRAPHIC М 
REPRESENTATION 
Бі енбек дей 2 
ai ^ / { Use fractions and decimals, 7] 
” / “| translating when necessary- 
{ (rand бот i between decimals and commonly . 
Mathematics is the study of many AVERAGES AND А encountered fractions. 128/2... а= 
kinds of patterns, including - — COMPARISONS ] SUE epe State the purpose of-each step in. 1 
numbers and shapes and SNMBOLIC. / ЕКЕ а calculation. 128/4 E 
operations on them. Sometimes REPRESENTATION n б, А 
+ patterns are studied because b è ; / to and from ' 
: :they-help to explain how the bers anish di / "n / RATIOS AND К 
: world works or how to solve 7-2 Numbers‘and's apes—an MM L _- PROPORTIONALITY 
a ractical problems, sometimes operations on them—help: t 54 7 ` N 
г. р р describe and predict things about- Use numerical data in describing }- A 
because they are interesting In and comparing objects and fs, 








‘themselves. 24/1 the world around us. 2C/1 ` 


; 
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events, 120/3 





^U 


Add, subtract,.m multiply, an and 
divide whole numbers mima 
on paper and with’ a calculator, 





to and from 
GRAPHIC 
REPRESENTATION 
^ 
^ 
















7 марас самевои 


—— e cane а 


‘Explain to other students how 


dsh UN" | 
Numbers and shapes ву go about solving numerical. 1 






























Circles, squares, "m s be used to tell 

triangles, and other — 7 about things. 2C/1 E Use whole numbers and simple problems. 1m Н 
2. shapes can be found everyday fractions in ordering, and dne дің р det ihe feli : 
“Similar patterns та in nature and in counting, identifying, measuring, : | А 
stow е In many. E ес” things that people and describing things. and ableness of the answer. 128/2 
"places in nature ала” build. 2A/1 experiences. 12B/1, :' 2 
In the things people .. оса CN 
make, 98/1 ^*^ to DESCRIBING One way to describe MM Numbers сап һе мм ws, Ж | с : eae 

‘CHANGE something Is to say used to count things, ___.___. inva dde 29. І 

_ how Its like some- place them In order ~.. Б am E 5 x. ordre: 
thing else, 11B/3 or name them, 9A/1 REPRESENTATION: E 
studying patterns representation 


and abstraction 

















HEMATICAL INQUIRY: 










matical i inquiry: :Stüdents 

mathematical modeling: in olves. develop- - 
‘ing. strands: of һепс hmar s bout. repre- 

senting: things abstractly, manipulating the 
representations logically, interpreting the ` 
results, and judging how appropriate a 
model turns out to be. 

Many benchmarks that contribute to 
understanding mathematical models come 
from the more general look at models in 

Science for All Americans and Bench- 
marks Chapter 11: COMMON THEMES, 
and from mathematical topics in Chapter 
9:THE MATHEMATICAL WORLD. In addi- 
tion, the DISPLACING THE EARTH FROM 
THE CENTER OF THE UNIVERSE and 
UNITING THE HEAVENS AND EARTH 5ес- 
tions.in Chapter 10: HISTORICAL PER- 
SPECTIVES provide examples of the use of 
mathematical models. Benchmarks about 
mathematical modeling can be augmented 
by relatec topics that will be mapped in 
the next edition of Atlas. They include 
measurement, shape, and estimation. 


nderstanding of^ wae ‘labeled strands and contributes to almost 





mathematics to 
provides а cen- 
tintegrates many 







all of thc 9-12 benchmarks. 


The processes of mathematical modeling 
are summarized in a 9-12 benchmark (on 
the right side of the map). But, as the 
benchmark implies, there is no necessary 
sequence of steps. The actual work of 
mathematical modeling often involves a'lot 
of repetition and moving back and forth 
between these steps. This benchmark also 
appears on the MATHEMATICAL PROCESSES 
map as it is also relevant to more general 
ideas about work in mathematics. 


As examples of the kinds of skills students 
should have experience with, the Inter- 
preting results strand includes skill bench- 
marks that deal with judging the validity 
of results of mathematical operations. 

Of course, many more skills from Bencb- 
marks Chapter 12: HABITS OF MIND 
could enrich students' understanding of 
mathematical models. More extensive 
interweaving of skills and concepts could 
be pursued in a variety of instructional 


strategies. 
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"Sung, WERE DEALING win TINY ARTICLES, BUT YOUR 
FORMULA 5 JUST A SYMBOLIC REPRESENTATION `` 


$2 sscomparing ts linplicat 
ои 
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В students renlas 
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MAPS: — MATHEMATICAL PROCESSES MP 
MATHEMATICAL MODELS MM 
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dga a part that was кте wrong, 


MATHEMATICAL INQUIRY: MATHEMATICAL MODELS MM 










































9-12 
to and from е 
. 3 
to and from DESIGNED 
COMPUTERS. SYSTEMS 
Much of the моко. МР 
2 «айы, ansinvolves г 
in Is n. to and from 
“three steps: 1) using abstractions 27 SYMBOLIC 
. to represent things or ideas, „777 REPRESENTATION 
2:25---> (2) manipulating the abstractions 7 
to and from | , according to same logical rules, 
è STATISTICAL Капбз ПОК RYE Т... _ : 
REASONING m ШОНТЫ бүг ч 755.22. toand from 
%; Y Md. 7. The actual thinking. - - Peu 
pos or by pal need not follow this order. ae REPRESENTATION 
much ‘computation; 58/3; 
Often, it Is fairly easy to find a i 
mathematical model that fits a To be able to use and interpret.” to and from t 
"phenomena over a small range of: mathematics well, iti is necessary SCIENTIFIC 
conditions (such as temperature THEORIES = 
or time), but it may not fit well the matt | зді 2 
over a wider range, (SFAA, p.171). dabstractoperatiot сри аг Даш of 
lito account how well they calculations. 128/9 
correspond to the properties of —— ----------- 
(Sha 
——€—€—— 7 — [talented сы алымы. ^ 
6-8 sing лафет cs to solve a. - LL 
ЖУ ШЕ em: rei ‘choosing What " 
ES then atics to use; probably . : 
mus pronis 





"Wien mathematicians use logldl © і Ree RES 


rules to work with representations. 











a sof thlngs:the: Tésüjts таў. - А Decide what degree of recision 
i entirely Valid tor the things Determine what unit (such as is adequate and touna of the 
seconds, square inches, or dollars result.of calculator operations to 














" themselves. 20/2... | --Usually there Is no one 
‘right меу to so Solvesa ice: «: 
‘al prob 


per tankful) an answer should be 
expressed In fromthe units of the c ese 
inputs to the calculation. 128/7... inputs. 128/8 — 










Different models can be used to 
"represent the same thing. What 
kind of model to se and how 

: complex it should be depends on 
alts purse: ful 
E | 
pahid intuitio nd: creativity : 
“come Into play In ѕајепсе, . .. 
"mathiematics, “and engineering. 


NBB. 













to and from 
SCIENTIFIC 
THEORIES 












pattiematies;cholces, г: 
ае Е ende 

ар ні дме the best 
: Nünibers shape 


ares us sou always | be 
dou. they maké ^ 
sense nds аге geh 2с/2 
TE брегайол on: hem help t to "— 


describe and predict things E 
- about the world around us.2C/1 Sed 


“Geometric figures, number ^ 7 
_ Sequences, graphs, diagrams, 
sketchgs, nüriiber. linesimaps; and. : 
stóttes сап be Used to represent - 
В objects; events, and processes in 


i UE ыч ш э 


Judge whether measurements 
and computaticns of quantities : 
such as length, area, volume, | 
weight, or time are reasonable In 
familiar context by comparing 
them to typical values, 128/3 
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SYMBOLIC 
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к. | І «Митре nd shapes. m v \ 

T | bu srt. i US POS Réádlly give the su m 
: A Modet of. | bout things, 20/1 tee 2 { | am 
"fent piae "e | 2 Y Шы ое differences of sIngle;diġitnumbars 
sihing but can be used to. ЕЗ е REPRESENTATION MEE eon É E a Hi 
ват something about- | А NOE Def И ее SOY TG ` RE . | oe 
тиым: NS S On МР a MP TES noi сЕ EU E. they can Judge the ieasonableness | 
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"thing else. 1183 









representation correepondence choices in 
and modeling mathematics 








W. W. Beaumont Alternative designs for motorized bicycles, 1903 


As long as there have been people, there раз been technology. Indeed, the 
techniques of shaping tools are taken as the thief evidence of the beginning 
of human culture. On the whole, technology bas been a powerfu! force in tbe 
development of civilization, all the more so as its link with science bas been 
forged. Technology—like language, ritual, values, commerce, and the arts—is 
an intrinsic part of a cult.tral system and it both shapes and reflects the 
system's values. In today's world, technology is a complex social enterprise 
tbat includes not only researcb, design, and crafts but also fínance, 
manufacturing, management, labor, marketing, and maintenance. 


In tbe broadest sense, technology extends our abilities to change tbe world: 
to cut, sbape, or put togetber materials; to move things from one place to 
anotber; to reacb fartber with our bands, voices, and senses. We use 
technology to try to change the world to suit us better The changes may 
relate to survival needs such as food, shelter, or defense, or іреу may relate to 
buman aspirations such as knowledge, art, or control. But the results of 
changing the world are often complicated and unpredictable. They can 
include unexpected benejits, unexpected costs, and unexpected risks—any of 
which тау fall on. different social groups. at different times. Anticipating the 
effects of technology is therefore as important as advancing its capabilities. 


SCIENCE EOR ALL AMERICANS 


СНАРТЕР 2 THE NATURE ОЕ TECHNOLOGY 


сите: DESIGN AND SYSTEMS 
MAPS: DESIGN CONSTRAINTS 
DESIGNED SYSTEMS 


CLUSTER: ISSUES IN TECHNOLOGY 


MAPS: | INTERACTION OF TECHNOLOGY 
| AND SOCIETY 


DECISIONS ABOUT USING TECHNOLOGY 


‘ 


da chapter explores technology as a process, as а way of thinking, and as an enterprise that , 
interacts witli many other aspects cf our world. The maps in this chapter focus on issues that: 
arise in design and systems and in the interaction between technology and society. Related 
topics from the corresponding chapter of Benchmarks for Science Literacy that will be 
mapped in the next edition of Allas of Science Literacy to help enhance students’ understand- 
ing of the nature of technology include the effects of technology on ecosystems, the interac- 
tion of technology and science, and general knowledge of tools and inventions. 


DESIGN AND SYSTEMS pp. 32-35 


The benchmarks about design and systems 
focus on the design of technological solu- 
tions to problems and on thinking about the 
products of design.as systems. The DESIGN 
CONSTRAINTS map is concerned with trade- 
offs among costs and benefits, and physical 
and social considerations that arise in the 
design process, whereas the DESIGNED 
SYSTEMS map takes a systems point of view 
regarding the:products of design, addressing 
ideas such as feedback, control, and failure. 
These two maps share, relatively few bench- 
marks, but relate to each other in important 
ways. Issues that arise in thinking about 
designed systems (such as the need for 


human judgment in control situations) can 


reveal constraints on a design. And one * 
purpose of taking constraints into account is 
to reduce the likelihood of failure in a 
designed system. 


ISSUES IN TECHNOLOGY pp.36-39 


Technology and society can be approached 
as systems with mutual influences, or, more 
specifically, in terms of deliberate societal 
decision-making about the implementation of 
technology. ‘These two perspertives, repre- 


- sented in the two maps for this cluster, аге: 


hardly distinct. Society influences technology 
through its decisions about which technolo- 
gies to promote, regulate, or curtail. Decisions 
about technology are significant because of 
the enormous effects that technology can 


have on society (considerations of risks, side: 


effects, and cost and benefits attempt to antic- 
ipate these effects). Both maps include a 
strand of benchmarks about hcw people 
value technology—and how those values 
shape and are shaped by techn ology. 
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x гое іп design: physical, со! 
arise from limitations: imposed by material Ж 





Wo: > related | k 


and physical prim iples, and : social соп-. 
straints, which. involve human. values, есо- 
nomic costs, safety, and. other factors. 
Benchmarks about these two kinds of con- 
straints develop alongside ari ‘understanding 
of trade-offs and alternatives in design. 
Trade-offs relevant to the design process 
and trade-offs in decisions about imple- 
menting technology (which appear in the 


_ DECISIONS ABOUT USING TECHNOLOGY map) 


are closely related. Instructionally, trade-offs 
relevant to both design and decisions in 
technology—and even social decisions— 


- can be approached together. Several 


aspects of the design process are not dealt 
with explicitly in this map; among them 
are the analysis and modification of past 
designs, learning from failure, the impor- 
tance of standardization and interchange- 
ability of parts, and issues of modeling and 
scaling. Those and other issues will be | 
mapped іп the next edition of Atlas, 








'oclal con- 


could Бе. йі, important This berich: 
mark also includes the idea that design 
challenges often require balancing differ- 
ent—and perhaps conflicting—constraints. 


The subsequent 9-12 benchmark adds con- , 


siderations of production, maintenance, 
and use. 


In the early grades, the physical constraints 
strand focuses on materials and their prop- 
erties. Later, it is extended to principles of 
science and engineering. The peace 
“Scientific laws, engineering principles... 
positioned ; at the 3- 5 level in ЕНЕ 
has been delayed until the 6-8 level in the 
map due to the complexity of the scientif- 
ic ideas and the difficulty of integrating dif- 
ferent subject matters. 


Many of the benchmarks in this map 
include the idea that design must take 
account of constraints. Taking constraints 
into account can involve building some 
limit into the actual product or advising 
users of а range of conditions for safe 
operation. The 6-8 benchmark "Systems 
fail because...” appears in both this map 
and the DESIGNED SYSTEMS map. It pro- 
vides a connection between failure, 


designed systems, and taking account of 
constraints. 





“That's just great. I discover the cure for the common 


cold and all you can do is criticize." 


“іа өтер DESIGN AND SYSTEMS 


; MAPS: DESIGN CONSTRAINTS DC. 
DESIGNED SYSTEMS DS 


No relevant research available іш Benchmarks 


9-12 







decisions and designs and 
criticize those in which major 


oo AZE/G 


| 
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------771 
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6-8 g d to and from 
^ to and [roin ' DECISIONS 
SOCIAL ABOUT USING 
DECISIONS TECHNOLOGY 


3-5: 


There Is no perfect design. Designs 





< trade-offs in design 


` disposed of and who will sell, 
Suggest alternative trade- ofis in MONDE LED 


trade-offs are not acknowledged. 








Scientific laws, engineering 
principles, properties of materials, . 
cand: veli techniques must . 





е rieering solutions to problems, 
30/4... (3-5 IN BENCHMARKS) 


DESIGN AND SYSTEMS: DESIGN CONSTRAINTS DC 


In designing a device or process, . 
„thought should be given to how 
наты жекен алаң Й Mathematics, creativity, logic, and 
-“-------------------------->- originality are all needed to 
operate, and take care of it. The 
costs associated with these 
functions may introduce yet more 
constra'nts on the design. 3B/1 


improve technology. 34/2 


Systems fall because they have 05 
faulty or poorly matched parts, 

are used in ways that exceed 

what was intended by the 


design, or were poorly designed 


Desi lly requires taki 
to begin with, 38/4... Ex c in хапе Into account: Son 






to DECISIONS 
----. ABOUT USING 
constraints into account. Some TECHNOLOGY. 
Sonera such att e or the 
: properties: 


Engineers, architects, and others. 
who engage іп design and 
Nocte EM technology use scientific" 
knowledge to solve practical 
problems, But they usually have to 
` take human values and limitations 
‘nto account as well. 3A/3 


‘social, ethical; and aesthetic ones; 


limit cholces, 3B/1 ° 


y into account in designing _Ţ 





The choice of materials for a job 
'clepends on thelr properties and 
low they interact with other-:- : : 
rnaterials, Similarly the usefulness 
uf some manufactured parts of an 
object depends on how well they 


fit together with the ottier parts, 
&B/1 































‘Choose appropriate common 
materials for making simple · 
mechanical constructions and 
that are best Іп one respect repairing things, 1201 DNUS 
` (safety or ease of use, for 
example) may be inferlor in other К ` 
ways (cost or appearance). "E 
“Usually somie features must be t actors such as cost, safety, 
? sacrificed to get others, 3B/1... appearance, environmental 
u ‚ inpact, and what will [sii ue 
4 : > the'solutlon falls must. be .- 
/ considered In technological 
/ design. ...3C/4 © nd 
to and from А i 
DECISIONS 25 
ABOUT USING . . 
.. TECHNOLOGY : z LL өкеп | 
П : 7 : м EE ру Н ) Қ 
: 5 ‘ ы” ТЕРЕ ҒА „ желет SRM ы : ^ ч ы за оона 
а \ - | ШТІ 
K2 ) People тау not be able to DS Some kinds of materlals are _ воі USING ` 
a at actually make or do everything better than others for making any TECHNOLOGY 
22 ‘that they can design. 38/1 particular thing. Materials that > | Ё fo 
\ are better In some ways is: . ps Я 
\ stronger or cheaper) тё Me Nake sarang’ out of paper - ы 
A worse In other ways (heavi ` ood, plastic, meta 
Getting something | one wants harder to cut), 88 
may mean giving up something : 
< in return, 70/1 to CHEMICAL 


REACTIONS. -... 


M of the material 
t(0ATOMSANO __ ____ ` (clay, cloth, par 
MOLECULES physical prope 
weight, texture, 


physical constraints: 


“DESIGN AND SYSTEMS: 









Tira about designed systems 


requires bringing together an understand- - 


ing of systems in general with. ideas about’ 
design and technology. In the earliest 


grades, а foundation is laid in understand- a 


ing parts of a system, their interactions, 
and the possibility of system failures. In the 
middle grades, ideas about feedback and 
cofitrol in designed systems are developed. 
Although presented here in very general 

terms, the benchmarks in this map could - 
be applied to—or arise out of—-the study 

_of the specific technologies. In addition, 
benchmarks in Benchmarks Chapter 11: 
COMMON THEMES that deal with model- 
ing and changing properties of systems 
due to changes in scale could be used to 
augment this map. 


WOW! THATS 
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NOTES | е" 

‘Two benchmarks in the failure strand аге 
“repeated in the DESIGN:CONSTRAINTS map. 

"There are at least as апу:Кіпаѕ of failure 
as there are kinds of constraints; a design 
тау fail--even before it is realized in a 
product—because it would cost too much, 
“break some law, or just because people 
don't like it. 


There are a relatively large number of 
benchmarks in 6-8, largely because the 
feedback and control strand begins at this 
level. Feedback in designed systems builds 
from benchmarks in the interacting parte 
strand, extending the idea of inputs and 
outputs to a feedback loop. In 9-12, stu- 
dents should combiue their understanding 
of feedback with ideas about control. 


The interacting parte strand shares a signif- 
icant number of benchmarks with the 


SYSTEMS map (in Chapter 11). Also, com- 
plexity in systems is hinted at in this map 
(as in the benchmark “The morc parts and 
connections a systems has, the more ways 
it can go wrong...”) but is dealt with more 
completely'in the SYSTEMS map. 


WHATS 
THE SMALL. 
PRINT SAY? 


"cl 
D 


CLUSTER: DESIGN AND SYSTEMS 


DESIGN CONSTRAINTS DC 
DESIGNED SYSTEMS DS 


MAPS: 


No relevant research available in Benchmarks 








9-12 


:;To;redücé ће chance of system 
failure, performance testing Is 
from often conducted using small scale 
COMPUTERS models, computer simulations, 
“analogous systems, or just the 
parts of the system thought to be 






The succéssful: | operation‘of a 
- designed system oftenrinvolVes-: 
feedback, Such feedback can be 








































least rellable. 38/6 
„used to encourage;whatils going toand from 
“on ina sjstem,: "discoüfage i ышы ынкы SYSTEMS | x 
= reduce'its’ discrepancy from some Я "ES i 
desired value. The stability of a \ : 
= system can be greater when it x 
Complex systems have layers of includes appropriate feedback H 
~ controls. Some controls operate mechanisms: 114/3 B 
` particular parts of the system Я E 
and some control other ` 
controls, Even fully automatic \ Mathematical modeling aids in 
systems require human control The miare parts and connections ‘technological design by 
at some point, 38/3 - шылы c a system has, the more ways it can | simulating how a proposed 
= yo wrong, Complex systems system would theuretlcally 
usual'y have components to detect, behave. 28/1 
back up, bypass, or compensate for , 
minor failures, 38/5 Y 
6-8 Computer control of mechanical systems Some p п of the n trom 
“ап be'much quicker than human control. In pneum ed back MA HEMATICAL 
situations where events happen faster than. may о ted De js Moots 
, people can react, there Is little choice but to: ; 
` rely on computers. Most complex systems to and from 
still require human oversight, however, to ---- COMPUTERS 
make certain kinds of judyments ... to Ж ` 
“+, Feact to unexpected fallures, and to The most common ways to 
* "*" evaluate how well the system Is serving its E Systems fall because they have ОС prevent failure are pretesting of 
intended purposes, 8E/3 of faulty or poorly matched parts, гг Parts and procedures, overdesign, 
tet | ж .areüsediriwaysthatexceed —. 7777” апфгтейипбапсу....3В/4 
| К what was Intended уде — 
. In almost all modern machines, " PAM degna 
“microprocessors serve as centers 9 EE 
of performance control. ...3B/3 ~ The essence of control is ` 
V comparing information about — . The output from one 
Е what is happening to what — .. ML Mt of a system (which 
people want to happen and:then = ~ ашта eral...“ 
„ making appropriate adjustments, energy, or information) 
This procedure requires sensing can become the input t to. 
Information, processing It, апб-.:. : other's paris, weil TAQ” 
making changes. ...3B/3... “ X Inspect, disassemble, and 
n “Thinking about things: reassemble $'пріе mechanical 
P аё systome means devices and’ date what the : 
H « — ».| Various parts are for; estir.iate the 
/ looking for how every 2 effect that making a change in 
7 m x. one part of the system Is likely to 
КА КАЕ алау have оп (һе system as a whole. 
/ P dd 12С/5 
wi Ры » 
€————————————— —á— 
; Еа i : ро Ta M 
3-5 е £5 yet ' 
i to and from ` 
: SYSTEMS 
ee € Even a good design may fall. 
LN . bei хури aL. Sometimes steps can be taken 
the parts usually. "ahead of time to reduce ће: 
р i nfiuence onea nother ^ x likelihood of failure, but It canrot 
uu ; ср жеді —7 ^ be entirely eliminated, 38/2 
ТАЛ : Something may not work as well 2 
(or at all) if a part of It is 3 А 7 
ML missing, broken, worn out, or 
S. misconnected. 11A/2 E 








to CELLS 





and ORGANS T 
to CELL - NE E о l “People may not be аёо 7 : DC 
FUNCTIONS ў. Something may not work if some. >” “actually make or.do ems 
se of its parts are missing. 11A/2 : that they i can design, - 
to CONSEPVATION 25 | 


\ 
OF MATER. а. E 





to ATOMSAND, 27 — 
MOLECULES" ^^ 





feedback interacting ` 
and control parte. 











b wide range’ of social: сс 


forces influence how, when, or. - whether d 
.. technologies get. developed: and imple: 


mented. Conversely, implemented tech- 


nologies influence social conditions. These: ^ 


two. complementary aspects, indicated by 
the labeled strands in this map, are not 
always distinct. -Society attempts to control 
technology because of its profound social 
impacts, апі ѕоте of the social conditions 
that influence technology grow out of 
technology itself. , 

Different curricula or instructional tacks 


“could make use of the relationship 


between these benchmarks and those in 
the INFLUENCES ON SOCIAL CHANGE map in 


., Chapter 7: HUMAN SOCIETY. Additionally, ` 


the HARNESSING POWER, SPLITTING THF 
Атом, and DISCOVERING GERMS sections 
in Science for All Americans and Bench- 
marks Chapter 10: HISTORICAL РЕКЅРЕС- 
TIVES can provide a context for this map. 
Of course, the benchmarks presented here 
are also relevant to benchmarks about spc- 
cific technologies in Chapter 8: THE DE- 
SIGNED WORLD, |. 

Related topics on specific technologies 
and on human society will be mapped for 
the next edition of.AZ/as. They include 
health technology, materials and manufac- 
turing, and political and economic systems. 


dependence: on or 


NOTES. | 
‘The. many: connections between strands 


indicate their close relationship and 
other, For example, 
the 3-5 benchmark “Transportation, com- 





{ munications, nutrition ...” is positioned in 


the valuing technology strand, but has sever- 
al important connections to the technology 
affects society strand. 


The 3-5 benchmark "Technology is an 
intrinsic part of human culture..." con- 
tributes to four later benchmarks. This 
benchmark is very general; students will 
likely learn it first in connection with sim- 
ple examples and later expand their under- 
standing of it to include the many different 
influences and their interaction. 


CLUSTER: ISSUES IN TECHNOLOGY 


MAPS: | INTERACTION OF TECHNOLOGY 
AND SOCIETY IT 


` DECISIONS ABOUT USING TECHNOLOGY DT 


No relevant research available іп Benchmarks 
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The value of апу given technology DT 
„тау! be different for different — 
vert ' groups of people and at different 
rens ur "points in time, 38/2 : 
DECISIONS ~~ 





ЕТШІ every i ерове need, 


eee ем” 


Ust 
en, 


X 


Rarely are technology Issues simple and ОТ 
‘one-sided; ‘Relevant facts alone, even when“, 

В known atid avallable, Usually do not settle 

- matters, That ls because contending 

Е groups: тау һауе, ‘different’ valuesand .. 

E priorities; They | таў "standi 1o galh or lose iri 
different degrees, or may make very 

“different predictions: about what the future 





Transportation, communications, DT 
nutrition, sanitation, health care, 
entertainment, and other 
stechnologies give large numbers of -- 
“people today the goods and services 
that were once luxuries enjoyed 
only by the wealthy. 3C/3. .. - 


he 
©2-. 


valuing 
technology 


AOOUI'O LAIN AMUALINULUU Le 





= ESN : 
affected’ Бу many factors” such 85 personal * 
values, consumer acceptance, patent me 

‚ the avallablility of risk capital, .the:federal.... 
budget, local and national regulations, “| 
media attention, economic competition, 
and tax Incentives, 3C/1 : 


“Зе 


Societies influence what aspects -: 

of technology are MINOS and 

how these are used; People: - 2 
ol ата ый: 





, Technology Is an; Vintrinsie: part. of ;. 
Shuman culture; It both shapes: 
: soclety. and Is shaped ` 
technology avallablé to p 5 
greatly Influences what their lives 
vare like, .301: ee s 
















alee lle 





society influences 
technology 


IVI CNAMLIIVUIN VF TER MNVLUUT ANY OSUVIEIT ІІ 


Technology usually affects society 
more directly than science 
because It solves practical 
problems and serves humen 
needs (and may create new  ' 
problems and needs), 3A/3 


Й. 


Progress іп science and Invention 


-depends heavily on what else 15 





*háppening In soclety, arid history 


4 ften depends.on sclentific and, 
technological developments, 1С/3 


N 40 
; AGRICL LTURAL 
TECHNOLOGY 
Technologies having to do with 
food production, sanitation, and 
7 toDISEASE еее disease pravention have 
dramatically changed how people 
- live and work and have resulted 
In rapid increases in the human 
“population. 64/6 
T. es 
L 


to INFLUENCES 
ON SOCIAL 
CHANG: 
` Technology Is largely VEN р 
. for the great revolutions In 
` agriculture, manufacturing; 


sanitation and medicine, warfare, .____.__ atO HEURE 
transportation, Information - BEHAVIOR 
processing, and communk ations 
‘that have radically changed how Ml 
people live ...3C/4 `* to COMMUNICATION 
TECHNOLOGY 


А 


, Any Invention 15 ikely to lead te 
“other Inventions, Once an ^ 


invention exists, people are likely 


“to think up ways of using It that , 


were never Imagined at first. 
acn te 


> е 









38 


лм TECHNOLOGY: 








students develop: ‘ideas about:costs. and | 
: benefits, trade-off ‚ Sidé-eff is, and how 
people value. technology: An additional 
subtlety i: is that judgements about costs 
“and benefits and trade-offs аге influenced 
by: perception of risk and the different ргі- 
orities of contending groups. 
Relationships between this map and the 
specific technology topics in Benchmarks 
Chapter 8: THE DESIGNED WORLD could 
provide context in instruction for the 
benchmarks. presented here. The potential 
, effects of human inventions on ecosys- 
> tems are obviously a major consideration 
in decisions about technology, but are 
not dealt with completely in this map. 
Envirorimental implications will be 
mapped in the next edition of Atlas, | 
providing а bridge to many topics in life 
science (е. g., interdependence of life and 
flow of matter and energy in ecosystems). 
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| about the use e of Vibes д; that © 


SIONS ABOUT USING TECHNOLOGY 


| give stu- 


К. 2. a foundatio Mk understanding thc 
| generalizations. However, the 3-5 bench- 





mark in the trade-offe strand about deci- 
sions in general precedes the 3- 5 bench- 
mark in the costs and benefits strand 
about the specific case of technology deci- 
sions. 'l'his is because the general case is 
more accessible due to the many complex 
factors in considering the use of technolo- 
gy in particular. 


In the costs and benefits strand, the 6-8 
benchmark *New technologies increase 
some..." does not simply repeat the 3-5 
benchmark "Technologies often have draw- 
backs..." Тһе 3-5 benchmark asks students 
to know that technologies can help some 
people and harm others. The 6-8 bench-. 
mark includes a more subtle idea: tech- 
nologies may increase some kinds of risks 
and reduce others. 


Trade-offs and consideration of costs and 
benefits atc played out in a тоге limited 
way (during the design of a product) in 
the DESIGN CONSTRAINTS map, and in a 
more general way in the SOCIAL DECISIONS 


"map in (Chapter 7). The benchmarks pre- 


sented here also relate to topics about 
human society that have not yet been 
mapped, including social trade-offs and 
social conflict. 





* CLUSTER: ISSUES IN TECHNOLOGY 


MAPS: INTERACTION OF TECHNOLOGY 
AND SOCIETY IT 


DECISIONS ABOUT USING TECHNOLOGY DT 


Lv 





atisk'of:failür nvolves: ther іу; ‘of £ widespread harm, 
it is unacceptable; however, if the risk of failure | is to 
oneself and voluntary, it is considered a part of life and - 
hardly worthy of concern by others, In the second . 
г perspective If the risk of failure involves harm to oneself. 
“and benefits: to oneself, ‘then it is of primary interest. 
Harm to others is simply ignored in this perspective , 
Чет 1986219 | 


КІ 













| ens believe that scientists and. 

gin S all'the facts and are not influenced by 
"idi motives and interests (Fleming, 1987; 
Aikenhead, 1987). 


ISSUES IN TECHNOLOGY: DECISIONS ABOUT USING TECHNOLOGY DT 
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ein’ ‘deciding: ‘on'proposals to Introduce new 
technoiogles or curtail existing ones, some 
key questions arise concerning possible 
alternatives, who benefits and who suffers, 

financial and social costs, possible risks, 
"Tesources used (human, material, or 

"energy), and waste disposal. 3C/3 





The value of any given technology IT 
may be different for different 

Jroups of people and at different 
points in time. 38/2 











Suggest alternative trade-offs in | Risk analysis ls used to.minimize N 
decisions and designs and P * the likelihood of unwanted side PS 
criticize those in which major a Pd effects of a new technology. The ғ to SOCIAL 
trade-offs are not acknowledged. | LE . toand from „77 public perception of risk тау DECISIONS 
AQ] `` DESIGN." depend, however, on psycho- 
= CONSTRAINTS logical factors as well as scientific 
ones, 3B/4 
6-8 ` ; 
Rarely are technology Issues simple and IT 
iy and from one-sided, Relevant facts alone, even when 
AGRICULTURAL known and available, usually do not settle 
TECHNOLOGY ps matters, That 15 because contending groups 
! may have different values and priorities. They 
і CHE may stand tp өгіп or lose іп different degrees, 
р i m us ог тау make very different predictions about — 
i меб S - what the future consequences of the ` 
In all technologies, ” ` i ‘propo: ed action will be, 3С/6 
there are always ------ 2 
trade-offs to be 
made, 84/3... t 
ч Side effects of technologies may 
. New technologles increase some... turn out to be unacceptable to 
risks and decrease others; Some ^  Alftéchrologles have effects. Some of the population and 
“Compare consumer products of the same technologies that - - oe than үүн by the ^ > therefore lead to conflict 
and consider reasonable personal have Improved the length and. © =<“ ia 9n, ee d may nave "between groups, ...38/2 
trade-offs arnong them on the quality of life for many people .. - Эв Mh: pr е and some not. 
basis of features, performance, have also brought new risks. 3С/5 
durabllity, and cost. 12Е/2 
А Mec FR P al DIO SPA EIEN 
3-5 Е 
PUER NES уу-уу... 19 SOCIAL 
DECISIONS 
А 
/ 
4 
There Is,np perfect design. / 
‚ Designs that are best in one i drawba des / 
respect (safety or ease of use, for In making decisions: i Re Ipsit i 5 КОСУ "i S ) 
- exampfe) may be inferlor in other take time to consider benefits. — people or alates ee hurt / Transportation, communications, — IT 
-ways (cost or appearance). йш of alternatives. others. 305... in 57 7 пио, кн, M care, 
: Usually sortie features must be : f yY ! entertainment, and other ss «|. 
: perse to get others. 38/1... * 4 technologies give large numbers of.. 
d i ` Н реор!е today the goods and services" 
i EN r that were once luxuries enjoved 
! B / only by the wealthy, 3C/3... 
oe шы x to SOCIAL А to AVERAGES 
d CONSTRAINTS 777. ра / ‚ COMPARISONS 
x $ EN Se 7 7 n К ; | 
DEN CN і ЕБ / to STATISTICAL PNE m e 
K-2 “ "4 RE/SONING ----- ЛЫН НЕ dieW'tsUres "see ee to SYSTEMS 
о A. ` Н see - 
H T 
{о SCIENTIFIC N 








. Getting something one wants 


may mean glvirig up something 
іп return, 70/1 


trade-offs 


new, i. shoul ide 









ahead of time how It might affect” 


С? other people. 3/2 


costs and 
benefits 





side-effects 


7777 INVESTIGATIONS ` A. 


`S to CORRELATION 








a Thomas Hart Benton Пай Riders, 1964-65 


Humans bave r.cver lost interest in trying to find out bow tbe universe 
is put together, how it works, und where they fit in the cosmic scheme of 
things. The development of our understanding of the architecture of the 
universe is surely not complete, but we bave made great progress. Given 
а universe that is made up of distances too vast to reach and of 
particles too small to see and too numerous to count, it is a tribute to 
-buman intelligence that we have made as much progress as we have іп 
accounting for рош things fit together. All bumans should participate in 
the pleasure of coming to know their universe better 


This chapter consists of recommendations for basic knowledge about 
| the overall structure of the universe and the physical principles on 
wbicb it seems to run, with emphasis on tbe cartb and the solar system. 
The chapter Jocuses. on two principal subjects: tbe structure of tbe 
universe and the major processes that have shaped tbe planet earth, 
andthe concepts with which science describes the physical world in 
general—organized for convenience under the headings of matter, 
energy,. motion, and forces. 


SCIENCE FOR ALL AMERICANS 


CHAPTER 


CLUSTER: THE UNIVERSE 


MAPS: GRAVITY 
SOLAR SYSTEM 
STARS 
GALAXIES AND THE UNIVERSE 


CLUSTER: PROCESSES THAT 
SHAPE THE EARTH 


MAPS: ` CHANGES IN THE EARTH'S 
SURFACE 


PLATE TECTONICS 


CLUSTER: S'YRUCTURE OF MATTER 


MAPS: ATOMS AND MOLECULES | 
_ CONSERVATION OF MATTER ` 
STATES OF MATTER 
CHEMICAL REACTIONS 


CLUSTER: MOTION 


MAPS: LAWS OF MOTION 
WAVES 


THE PHYSICAL SETTING | 


Т. maps in this chapter address ideas about the universe, the forces that shape the earth, 
the structure of matter, and motion—and thereby account for a fairly large portion of Chapter 
4: THE PHYSICAL SETTING in Benchmarks for Science Literacy, The remaining topics from 
this chapter in Benchmarks, which. will extend students’ understanding of the physical setting 
and relate closely to the maps presented here, will be mapped in the next editi »n:of Atlas of 
Science Literacy, They include energy transformation and conservation, heat transfer, the water 
cycle, climate and seasons, and electromagnetic interactions. 


THE UNIVERSE pp. 42-49 


As astronomy continues to produce new 
observations and new ideas, it is important 
to provide a foundation of understanding 
that will allow students to make coherent 
sense of the universe and engage in further 
learning. Taken together, the maps in this 
cluster show the development of ideas about 
observations of the sky, explanations of these 
observations using principles of force and 
motion, and a beginning catalog of the 
objects that populate the universe. Though 
these maps lead to distinct benchmarks in 
high school, they share common develop- 
ment of early benchmarks about observa- 
tions of the sky and the shift in perspective 
from an earth-centered cosmos to a sun- 
centered system. Another idea importagit 
for all the maps in this cluster is the 
scientific notion that the same physical 
principles apply everywhere despite the 
huge differences in scale from planets to 


stars and beyond. 


PROCESSES THAT SHAPE THE EARTH 
рр. 50-53 
The earth is shaped and reshaped by a variety 


of processes over very long times that pro- 
duce the range of landforms on the earth's 


- surface. The effects of these processes оп the 


earth's surface are related in the CHANGES IN 


THE EARTH'S SURFACE map. Understanding . 


how the earth has changed over its history 
depends, however, on looking at more than 
the obvious processes like weathering and 
sedimentation. The surface also interacts with 
the earth's interior, which is dealt with in the 
PLATE TECTONICS map. These two maps relate 
to one another in several ways, as reflected iri 
the benchmarks that appear. on both maps. 


Earthquakes and уоісапоев, for. example," 
cause changes on the surface of the earth апа 
result from the movement of immense plates . 


and molten materials within the earth. 


STRUCTURE OF MATTER рр. 54-61 


Ideas about the structure of matter include 
the basic make-up of all matter, different 
kinds of changes in matter, how those 
changes can be explained, and the principle 
of conservation. Те central benchmark in 
the ATOMS AND MOLECULES map— that all 
matter is made up of atoms that stick togeth- 
er to form molecules—is critical for all the 
maps in this cluster. Approaching the struc- 
ture of matter begins with observetions of 
the properties of matter (and how they 
change or stay the same). These observations 
are brought together with the idea of invisi- 
bly tiny pieces and different combinations of 


a few basic ingredients to arrive at.the idea 


of atoms and molecules that recombine and 
interact with one another. The atomic/ ` 
molecular theory is then elaborated to 
explain how atoms and molecules differ, 
congregate, and react to produce diverse 
phenomena. | 


MOTION рр.62-65 


The first map о? this cluster is about the | 
universal laws that govern the motion of 
objects, from molecules to stars. The second 
deals with repeating patterns in a specia! 
kind of motion, like vibrations and waves. 

A primary-school benchmark about the vari- 
ety of motion sets up both the effects of 
force on motion and the behavior of waves. 
In high school, a benchmark about relative 
motion is important in both maps. Another 
high-school benchmark about restoring 


forces connects forces, motion, and waves: .. 


In many situations, moving.something gives 
rise to forces that'tend to move it Баск, 


again, thereby producing vibrations, thereby 
producing waves. | | 





Бұ 








universal. gravitation in later. grades. Often, 
the lar gely. descriptive benchmarks i in the- 
other. three maps of this cluster. depend on 
the gravitational explanation presented | 
here, and, reciprocally, benchmarks about 

. gravity build on observations of the sky 
and ideas about niotion and orbits. 


Several historical episodes in Science jor 


АШ Americans and Benchmarks Chapter 
10: HISTORICAL PERSPECTIVES could 
extend students’ understanding of gravity. 
` They include the account of heavenly 
motion in DISPLACING. THE EARTH. FROM 
THE CENTER OF THE UNIVERSE, Newton's 
use of gravity to explain heavenly motion 
in UNITING THE HEAVENS AND EARTH, 
and Einstein's theory of general relativity 
in RELATING MATTER & ENERGY AND 
TIME & SPACE, which pictures gravity as a 
distortion of space and time. 


relationship: between forcés anc notion, SA 
and observations. of. the. sky. Support. more: e nn 
sophisticated. benchmarks: about orbits: and et 







a аео of the 
solar system, and the fact that at least one 
very large mass must be involved for the 
effects to be easily detected; will make this 
idea more credible. | 


The counterintuitive idea that the earth is 
a sphere—necessary for students to under- 
stand that “down” is toward the earth’s 
center—is supported by a K-2 benchmark 
about shapes. (Students will, of course, | 
need to have experience with three-dimen- 
sional as well as two-dimensional shapes.) 


In the early grades, students are probably | 
not ready for a gravitational explanation of 
the difficult idea that the earth orbits the 
sun, but they should get a rough idea of 
the scientific description nonetheless. 
Even for this purpose, students need an 
early sense of how apparent motion 
depends on frame of reference. The rela- 
tive motionsstrand includes a 3-5 bench- 
mark from the relevant essay in ‘THE 
EARTH Section of Benchmarks Chapter 4 
and a more sophisticated 6-8 benchmark 
from Benchmarks Chapter 10: HISTORI- 
CAL PERSPECTIVES. 


The true nature of the motions of the sun, 
Stars, and planets is not easily discovered 
just by observing them. This facr reveals 
the potential in instruction for relating 

the benchmarks in this map to rnodels. 
Instructional strategies can also draw on 
the relationship between benchmarks 

in this map and benchmarks about systems 
and scale in Benchmarks Chapter 11:. 
COMMON THEMES. - 


CLUSTER: THE UNIVERSE 


MAPS: GRAVITY б 
SOLAR SYSTEM SS ` 


STARS S 
GALAXIES AND THE UNIVERSE GU 





old sums 
- cannot accept ‘that gravity [s center-directed if they do. 
owheearth.sspherical ANor.can they belleve Ina 
25р егіс | ғап! йош. 5 owledge- of gravity to 

















_ acco infor why Peon on the bottoni" do not fall off. 


күр say many: hings that sound right 
es e меу | far off base. For 
| ithe gemi is spherical, but 


| xin oft shape of the earth 
ЛШ gr e if the students’ ideas are 
con aced i in the classroom 








2 ПЕТО P&C Саани 1992) but can be 
overcome b specially designed Instruction (Brown & 
Clement, 1992; Minstrell et al., 1992). 


Students of all ages may hold misconceptions about the 

magnitude of the earth's gravitational force. Even after a 

hysi $ course, many high-school students believe that 

ity: creases with:height above the earth's surface 

Gunstone. & White, 1981) or are not sure whether the 

e of gravity ‘would be greater on a lead ball than on 
a Wooden ball of thes same size (Erow & Clement 








Р 2. particular, неді have difficulty in understanding that the 
„magnitudes of me боады forces that two objects 








Ea 
“difficulties а even afer specially ала" 
yy instruction (Brown & Clement, 1992).. 


THE UNIVERSE: GRAVITY G 
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: Gravitational force is an 
from DESCRIBING attraction between masses, . 
CHANGE | 7777777 The strength’of | 
proportional to the masses'an 
weakens rapidly with increasing 
distance between them. 4G/1 












6-8 Ж 

E The sun's gravitational pull holtls Every object exerts gravitational 5 
the earth and otherplanetsin = . force on every other object. The 
their orbits, just as the planets’ SE EE ig LT REN force depends on how much 
gravitational pull keeps their mass the objects have and on 
moons In orbit around them, 4G/2 how far apart they аге, The force 


is hard to detect unless at least 
one of the objects has a lot of 
































mass. 4G/1 
222 toand from s 
Е LAWS OF If a force acts toward a single 
MOTION ^ center, the obJect's.path may 
` _curve Into an orbit around the 
` center. ...4F/3 
қ s. x 
The motion of an object is always 55 | to and from 
Judged with respect to some other — Everything on or anywhere near LANS OF 
- object or point and so the idea өмле 222 the earth is pulled toward the MOVON 
of absolute motion or rest Is i TECIONICS earth's center by gravitational A 
misleading. 10A/1 force, 48/3 An unbalanced force acting on 
! . an object changes its speed ог 
H direction of motion, or both. 
; 4Ff3... 
to and from 
WAVÉS 
3-5 | : The earth is one of several 5 
И planets that orbit the sun, and 
the moon orbits around the earth. 
4A/4 
7 . The rotation of the earth on its 55 Changes in speed or direction of 
People cannot determine how the $$ lola A id pioduces the 5 motion are caused by forces, 
solar systém 15 put together just — . „ hight-and-day cycle. This turning 41... 
by looking at it (BSL p. ы of the planet makes it seem as “ 
| | though the sun, тооп, and stars to CHANGES IN N^ 
Ar icai ШЫ а Uke all planets and stars, the "SURFACE & 
yes earth Is approximately spherical E т m 
x : | in shape. 48/2... К .0 and trom 
The patterns of stars in the sky 55 == , d LANS OF 
stay the same, although they 5 The earth's gravity pulls any MOTION 
appear to move across the sky object on or near the earth toward / 


nightly, and different stars can Ве”. It without touching It. 46/1; 48/1 - 


seen In different seasons 4A/1--- 










K-2 aThe.sun;can be seen only inthe. 55 The wi aho 
ж &Тпе 5ип:сап. nly in 1 e way-to.change how 
4 “daytime, but the moon canbe 5 ЖИК ЛО ШЕ "ES -something Is: moving Is to give 
Seen sometimes at night and Things near the éarth fall tothe“: `- ` Ita push-or.a рші, 4/2, 


_./ground unless something holds . 


somietimes during the дау. The 
трае. 


ешп; Moon, and stars all appear 
to move slowly. across the sky, . 
JAN; 


















relative observations: the earth’é. T | 
motion of the sky ` gravity ` m 
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EX ;bis: шар charts: the ide 
“basic descriptive: account g 


UNIVERSE: 









pment of а. 
ће: planets,” 
comets, and asteroids. that: orbit. the sun, 


and satellites (natural: ог artificial) that 
- orbit the planets. This. account. involves des с 
development of strands. ofbéhchmarks.on.- 


observations of various: objects i in the sky, 
phases of the. moon, the planets, the role 


of telescopes, and. alternative interpreta- 
‘tions of relative motion. іп high school, - 


these strands’ are extended to benchmarks 


‘about the formation of. the solar system 


and the planets. a 

The SCALE section in Benchmarks 
Chapter 11: COMMON THEMES can con- 
tribute to students overcoming the difficul- 
ty of comprehending the immense size of 
the solar system. In addition, two sections: 
in Benchmarks Chapter 10: HISTORICAL 
PERSPECTIVES are highly relevant; 
DISPLACING THE EARTH FROM THE CENTER OF 
THE UNIVERSE and UNITING THE HEAVENS ` 
AND EARTH. 


2 sky. ‘Connections: be 





ons s of the solar- system will have 


Tru "little: meaning for students without some 


explanation ofthe. motion. of objects in the 
tween the descriptive 
account here and the explanations in the 
GRAVITY map are explicit.in the bench- 
marks from the relative motion and obser- 
vations of the sky strands that are shared 








_by both maps. 


The benchmarks in this map progress from . 


2 largely descriptive account of the solar 


` system to ideas about the formation of the 


solar system and the planets. To under- 
stand the formation of the solar system 
and planets, students must first understand 
the formation of stars. Accordingly, a 9-12 
benchmark is taken from the STARS map, 
where further support for that benchmark 
can be found. 


А 6-8 benchmark about light coutributes 

to students being able to understand the 
explanation for the observed phases of the 
moon, which will not make sense before 
they understand that things can be seen by 
reflected light. Support for this benchmark 
and furthe? development of idezs about 
light appear in the WAVES map. 


The telescopes strand in this map is 
shared with both the STARS map and the 
GALAXIES AND THE UNIVERSE map in this 
cluster, where it is developed even further. 
This strand also relates to benchmarks 
about the interaction of science and tech- 
nology іп Bencbmarks Chapter 3: THE 
NATURE OF TECHNOLOGY; that topic will 
be mapped in the next edition of Atlas. 


= 


D 


MAPS: 





_,cuuster: THE UNIVERSE 


GRAVITY G 
SOLAR SYSTEM 55. 
STARS $ 


s SET AND THE UNIVERSE GU 


E, 5 possible f for ` 
these. concepts even. 








THE UNIVERSE: SOLAR SYSTEM SS 


9-12 


As the earth and other planets formed, the 

heavicr elements fell to thelr centers. On 

planets close to the sun (Mercury, Venus, Earth, 

and Mars) the lightest elements were mostly 

blown or boiled away by radiation from the 

newly formed sun; on the outer planets (Jupiter, 
Our solar system coalesced out of a Saturn, Uranus, Neptune, and Pluto) the lighter 
d деуі left n —” elements still surround them as deep 

atmospheres of » or as frozen solid layers. 

:45ҒАА, р, A1)... j 


PESADA ETE 












Stars condensed by gravity out “Ыс $ 
::elouds'of. molecules: ofthe lightest. 
zelements, üntil nuclear fasion of ће —— 

light elements Into heavier ones 
Я began to occur, Fusion released 

zgteata ;amounts:of energy’ 
millions: of years i ARIES 5 






ы 












ery different size, composition, 
5 move around the sun In 
rbits. Some planets have а 
varlety of moons and even flat rings of rock and Я 

Ice particles ‘orbiting around them; Some of these Telescopes reveal that there are 5 
planets and moons show evidence of geologic , many more stars In the night sky — GU 


to and from 
WAVES 



















asthe motion of an object Is авуз... G 





“Judged with respect to somé other ` activity. The earth Is orblted by one moon, many -<-. tham are evident to the unaided eye, 
cara pont and so, el ddga of ; artificial satellites, and debris, 44/3 - -the surface of the moon has many 
“absoliste тойоп or rest is І : 


craters and mountalr.s, the sun has 
dark spots, and Jupiter and some 
other planets have their owh moors. 
1042 





steading. 10АЛ о... .: · 
Eae EE 





t 
I 
to and from 
LAWS ОЁ 2 
MOTION 


3-5 s 



















-G 


аа - Planets change thelr position against 


‘the background of stars, "AG: : ‘ 


People ca cannot determine how the б 
ојаг: ‘system Is put together Just by 
okiny at It. (BSL, p.67) 





Telescopes magnify the appearance 5 
of some distant objects in ће... 

“sky, including the moon and thé 
planets. The number of stars that `. 
can Бе seen through telescopes ls. 

_ dramatically greater than can be - 
:: seen by theunalded à e m 











` to CELLS AND 2. te CELL 
ORGANS - .. “ FUNCTIONS 


to ATOMS AND 
"MOLECULES 


; stars all арреаг}о mov 
across the sky. 4A/2 ` 


B 


relative phases observations 
motion of the moon of the sky 
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qas from what. can be s bh 


NIVERSE: 





( baste’ picture of Stars. 





xem “Ше tycle" of stars; Knowledge of how 


scientists learn about tars ‘provides an 
exainple of the critical scientific notion 
that the physical principles of how tic | 
world works are the same everywhere— 
whether here on-earth or in stars light- 


_ years away. This idea can be found in 
Benchmarks Chapter 1: THE NATURE OF. 


SCIENCE and will be mapped in the next 


edition of Atlas. In addition, the enormous: 


size of stars and stellar distances relates to 
the SCALE section in Benchmarks Chapter 
11: COMMON THEMES. 






гі “NOTES.” | 
TD This map "shares a significant number of 
. benchmarks with (һе 6 






UNIVERSE: пар; cerning how sci- 
entists. learn about: the stars:and universe. 


ee “All of the telescopes strand appears on 


both maps, and this map includes several 


^ benchmarks from a strand on light that 


appears in full on the GALAXIES AND THE 
UNIVERSE map. 


Тһе 6-8 benchmark on universal gravita- 
tion, which is developed in the GRAVITY 


` map, appears here to support students’ 


understanding about the formation of stars 
and the mutually orbiting pairs in which - 
most stars are found. Benchmarks about 
energy (and fusion) also relate to star for- 
mation in explaining the enormous 
amount of energy produced in stars. 


The formation of stars is, of course, inti- 
mately ticd to the formation of solar sys- 
tems. For this reason, the 9-12 benchmark: 
"Stars condensed by gravity..." is repcated 
on the SOLAR SYSTEM map. In addition, the 
very top benchmark of this map includes 
the idea of-the formation of planets around 
other stars. 


The telescopes strand in this map could be 
enhanced by emphasizing its relationship 
to benchmarks about -how science and 
technology interact—in Benchmarks 
Chapter 3: THE NATURE OF TECHNOLO- 
GY—thereby giving students a broader 
sense of how tools and technology help 
scientists learn about the material world. 


ı CLUSTER: THE UNIVERSE 


MAPS: GRAVITY G 
SOLAR SYSTEM $$ 
STARS $ 
GALAXIES AND THE UNIVEI;SE GU 


RESEARCH IN BENCHMARKS 










apREar count elementary-school. 

udents (Baxter, 1989) Vosniadou & Brewer, 1992) and 

cafe: епо. Ji kely: 10: be believed or. even | understood in those 

PRN ( АИ 1991), Whether It 1s possible for 
“elementary students to understand these: concepts even 
with good. teaching needs further investigation. 














Heihe WAVES map. ^" 


9-12 


‚ Mathematical models and computer GU 
simulations are used In studying © ----"”” from remote parts of the solar system; and 





7а, "MATHEM TICAL 


3-5 


‘evidence from many sources In 

order to form a sclentific account of 

the universe, 4А/4 
4 





from 


‘MODELS 


* Technology Is essential to science for GU 


such purposes as access to outer 


- space and other remote locations, 


sample collection and treatment, 
measurement, data collection and 
storage, computation, and 
communication of information, 3A/2 





Increasingly sophisticated technology is used — GU 

to'learn about the universe. Visual, radio, and 227 

x-ray telescopes collect Information from 

across the entire spectrum of electromagnetic 

waves; computers handle data and a 

complicated computations to interpret them; 

space probes send back data and materials |_| _ 
areas --..1. from ATOMS AND 

accelerators give subatomic particles energles MOLECULES 

that simulate conditions іп the stars and In the 

early history of the universe before stars 


formed, 44/3 





Telescopes reveal that there are $$ \ 
~ many more stars In the night sky Ш аат 
than are evident to the unaided eye, Y 
the surface of the moon has many ^ 
craters and mountains, the sun has ` 
dark spots, and Jupiter and some ` КА 
. other planets have thelr own moons, Something сап:ре," вел" when... $$ 
10A/2 з . * light waves emitted or-ref В 
í by it enter the eye. 4/2... ^^ 










Telescopes magnify the appearance $$ 
of some distant objects in the sky, — GU 
including the moon and the planets. 
The number of stars that can be 
seen through telescopes is 
dramatically greater than can be 
seen by the unalded eye, 4A/2 


`~ / light ANS ^^ - 


A large light source at a great GU 
distance looks like a small light: . 
г source that Is much closer, 


“ (851, р. 63) 
to CELL to CELLS AND 
FUNCTIONS „+ ORGANS 
s 5 < ^ е z d 
жағы “Magnifiers help people see things $$ 
ie Бе» -+-- they could not see withoutthem. — GU 


501 


telescopes 


-----. appear to Бе made up of the same 






7 Light from the next nearest star 
& takes a few years to arrive, The trip 


to that star would take the fastest OPES. 
forest thousands of years: MAI The sun is many thousands of 


Stars are like the sun, some being 
smaller and some larger, but so far 
away that they look like points of 


THE UNIVERSE: STARS 5 


> Eventually, some stars exploded, 
producing clouds containing heavy 

‚ elements from which other stars and 
planets orbiting them could later 

: condense. The process of star 

"formation and destruction ` 

, continues, .,.4A/2 


| 


Stars condensed by gravity ош ої 55 \ 
clouds of molecules of the lightest 

elements until nuclear fusion of the 

light elements into heavier ones - 

began to occur, Fusion released 

great amounts of energy over 

millions of years, ...4A/2... 


| 


The stars differ from each other in 
size, temperature, and age, but they 





Unlike the sun, most stars are In 
Systems of two or more stars 
саа orbiting around one another. ...4A/1 











GU 


elements found on earth and 
behave according to the same 
physical principles, 4A/1.. . 












Every object exerts gravitatlona! б 
force on every other object. The . 

"force depends on how much mass 

the objects have and on how far 

apart they аге, The force Is hurd *o 
detect unless at least one of the 

objects has a lot of mass, 4G/1 





GU 







times closer to the earth than апу. 

other star, Light from the sun takes 

a few minutes to reach the earth, 
AAR. 


The sun Is a medium-sized star 
located near the edge of a disc- 
shaped galaxy of stars, part of 
which can be seen as a glowing 
band of light that spans the sky on 
a very clear night. 4A/1,.. | 


The rotation of the earth on its axis G 

every 24 hours produces the ninht- 55 
, and-day cycle. This turning of the 

planet makes It seem as though the 

sun, moon, and stars are orbiting 

around the earth once a day, ...4B/2 


The patterns of stars Іп the sky stay б 
GU the same, although they appear to 

move across the sky nightly, and 

different stars сап be seen in ` 

different seasons, 4A/1 $c ы 






the sun` 
and stars 





чо making. sense “of « our evergrowing ' 
Knowledge. of: the. collection: ‘of costiolo 


cal wonders (though a deep. understanding: 


-of.these wonders themselves i is not an, 
important part of basic literacy). This map 
provides ап account of the. composition 
and scale of galaxies and the universe, and 
an. explar. ation for how they formed. . 
Understanding this account depends on 
benchmarks that address how we get infor- 
mation about the universe and the nature 
of light and other electromagnetic waves, 

‘as well as (һе elementary-level benchmarks 
about the sun and stars and observations 
of the sky. Einstein's theory of general 

" relativity—summarized: in Science for All 

Americans and Benchmarks Chapter 10: 


НІЅТОКІСАІ, PERSPECTIVES—is particular- 


ly relevant to galaxies and the universe 
and could enhance the benchmarks 
presented here. 


AND IT SAYS. THE ANDROMEDA GALAXY 
15 SPEEDING TOWARD OUR GALAXY AT 
_ 300,000 MILES. PER HOUR.. 





A basic view of the universe is essential oft 13-52 
i suis а are e also: in the: STARS тар-- 
v contribute. io: students? understanding of. 











| yakeup of galaxies: and the great dis- 


7 псе between them. In-9-12, the finding 


that all stars are тай of the same ele- 
ments as our own solar system and behave 
according to the same physical principles 
sets up the comparison of wavelengths of 
similar light from distant galaxies. 


The light strand repeats only part of the 
more elaborate strand of benchmarks 
about the nature of light in the WAVES 
map. Before 9-12, these benchmarks 
address vision and the effects of great dis- 
tances. In 9-12, students need to know 
about the effects of relative motion on 
observed wavelengths and how scientists 
use the evidence from a variety of wave- 
lengths ot electromagnetic radiation. 


The telescopes strand also appears on the 
STARS map, and part of it appears on the 


`` SOLAR SYSTEM map. 1n addition, it relates 


to benchmarks about the interaction of 

science and.technology—not mapped in 
this edition of Atlas—that can be found 

in Bencbmarks Chapter 3: THE NATURE 
OF TECHNOLOGY. 


© 1998 United Feature Syndicate, Inc. 





' CLUSTER: THE UNIVERSE 






GRAVITY в. 

| LAR SYSTEM 55 

STARS 52: 

GALAXIES AND THE UNIVERSE GU 


No relevant research available in Benchmarks 


THE UNIVERSE: GALAXIES AND THE UNIVERSE GU 















































9-12 
:theory:is:that: гео ел + : ; 
expanded explosively from a Hen 3 Because the light seen from almost 
: to оргаш dense, chaotic mass.4A/2... DR f all distant galaxies has longer 
tont ATOMS , i | wavelengths | than comparable light 
AND MOLECULES 4 ‘hefe оп earth, astronomers believe 
E Д 
Increasingly sophisticated technology is ЕЗ 
| used to learn about the universe, Visual, .. The obsérved wavelength of a 
(rom radio, and x-ray telescopes collect ue depends upon the relative І The stars differ from each other 5 
"MATHEMATICAL information from across the entire Y Urce-and thé іп size, temperature, апа age, but 
- MODELS ° spectrum of electromagnetic waves; x LÀ: pe Flt eltheris‘moving >> they appear to be made up of the 
А computers handle data and.complicated — — —————c—-—7 toward the. other, the observed same elements found on earth 
i computations to interpret them; space A great vanety с of radiations аге:. Em MUR 4550 and behave according to the 
i probes send back data and rnaterlals from electromag netic Waves s. ; Their 2 г moving àw same physical principles. 4А/1... 
i remote parts of the solar system; and 7--- wavelengths vary from radio": — М. 4H5 Rer E r 
‘Mathematical models and S accelerators give subatomic particles waves, the longest, to.gamma `; - 2 
“computer simulations are used In __» energies that simulate conditions in the rays, the shortest, In émpty space, ` / 
‘studying evidence from many stars and In the early history of the universe all electromagnetic waves move. hum МОМУ 
..gources In order to form a sclentii , before stars formed, 44/3 at the same 5ревф ed. c AND MOLECULES 
к of the universe, 4А/4 7 B ом; 248/3. 
Ld neem rr tare ttt teta e ag ш ренде + 12. nent O мест len mma PO 
6-8 ^ 
VEU Br N ` Some distant galaxles are so far 
Pete А away that their light takes several 
^* from - billion years to reach the earth. 
deze COMPUTERS ж People on earth, therefore, see 
сы 4 them as they were that long ago 
"x іп the past. ..;4А/2 
a” % x 
” p 
"technology Is essential to science 5 
. for such purposes as access to 
* Outer space and other remote 
- . loca*lons; sample collection and 
?treatment;: measurement; ata: =~~- Teléscopes reveal that there а "The universe Contains many 
“collection and storage, > many more stars in the night sky. 5 billions of galaxies, and each 
computation, : and communica n than are evident to the unalded « ‘galaxy contains many billions of ` 
of information. 3A/2 eje, the surface of the moon т, “stars. To the naked eye, even the 
many craters and mountain ‘closest of these galaxies 15 no ` 
‘sun has.dark spots, aa more than a dim kazys spot. , . Light from the next nearest star 5 
and somè other planets ha ‘ight NUM á 7 takes à few years to arrive. The 
` own moons, 10А/2. 2: ^ d trip tọ that star would take the 





fastest rocket thousands of years. 


to àrid from 
WAVES 


gh | 
dramatically greater than can be 
seen by the unaided eye, 4А? 









Stars are like the sun, some being 5 
77 smaller and some larger, but so 
.v- far away that they look like - ~ . 
points of light. 4N5 - 










i А ^A large lights source at a great $ 4 "E 
Sdistarice'looks'IIKe'a:smiall light- : 
source that Is much closer, is 
~- (BSL p. 63) f 





“to CELL to CELLS AND 


FUNCTIONS ^* - . 7 ORGANS pu 
І , Magnifiers help people see things, $$ De , «лал an 
ло ATOMS AND ______, "they could not see without them. `$ 
MOLECULES sc 


i ШӨ ; 








telescopes light galaxies 


50 






ci landforms аге а result of. 
| ргосеззез that continually à 
earth’s surface, including uplift oft тойп- : 


16 ‘many | different kin 


tains, earthquakes. and volcanoes, and the 
weathering, erosion, sedimentation, and 


: reformation of rock. Тһе benchmarks in 


this map progress toward ап understand- 
ing of these processes, the age of the 
earth, and the fact that-rock cycles through 


` the earth’s surface, changing its form and 


location even as the total amount of mate- 
rial is conserved. * 


. Benchmarks Chapter 11: COMMON 


THEMES has several sections that relate to 
changes in the earth's surface: CONSTANCY 
AND CHANGE (especially linear and cycli- 


` cal change ага equilibrium), MODELS (of 
slow, deep, and immense processes), апа 


SCALE (the enormous time periods 
involved). Rel ated topics that will be 
mapped in the next edition of Allas 
include interactions between organisms 
and their environment and mathematical 
ideas about the effect of multiplying tiny 
fractions by very large numbers (implying 
that very slow processes can create enor- 
mous changes over time). 


OOLO АТАЛМА JNArD 10L LANIN., 


NOTES 





. Some of the 9-12. benchmarks in this map 
ae depend: оп ‘students’ having: achieved 
| benchmarks about the earth’s plates that 


appear inthe PLATE TECTONICS map in this 


;.cluster,in addition: to. the benchmarks 


about the. changes. and processes on the 
surface of the earth presented here. 


In 6-8 (on the far left), there is a bench- 
mark about the formation of the earth. 

It was not originally in Benchmarks, but 
has been added to support ideas about the 
earth’s original igneous rock and its hot 
interior. 


A 9-12 benchmark from the EXTENDING 
TIME section in Benchmarks Chapter 10: 
HISTORICAL PERSPECTIVES is included to 
convey the very long time the processes 
have had vo affect the earth’s surface. 

A connection from the ATOMS AND MOLE- 
CULES map indicates the'importance of 
understanding radioactive dating tech- 
niques used to determine the age of rocks, 
and a connection to the NATURAL SELEC- 
TION map (іп Chapter 5) suggests the 
importance of understanding the age of 
the earth fof ideas about the continuing 
operation of natural selection over very 
long times. 


Several foundational benchmarks in K-2 
and 3-5 discuss commonness, warious rates, 
and patterns of change. Benchmarks in 
later grades give more sübstance to these 


early generalizations, but students should 


have some notion of them at a simple level 
first. In particular, the K-2 benchmark, 
“Change is something...” contributes to all 
the strands in this map, despite its position 
directly above the weathering and erosion 
strand label. 


CLUSTER: PROCESSES THAT 
: SHAPE THE EARTH 


MAPS; CHANGES IN THE EARTH'S SURFACE © | 
PLATE TECTONICS РТ 






na stfuction О on n the topics ` | 
jidd Poda students taught by 


PROCESSES THAT SHAPE THE EARTH: CHANGES IN THE EARTH'S SURFACE C5 






















9-12 
to NATURAL 
2 SELECTION ^7... 
Rer ep The formaton, weathering 
súrface is several billion years sedimentation, and reformation from 
em from ATOMS ---7777 “old. 100/1 S y of rock constitute a continuing 2... CONSERVATION 
AND MOLECULES > зө О. “rock cycle"-In which the total - ОР MATTER 
amcunt of material stays the : 
same as Its forms change. 4C/2 
Earthquakes often occur along the boundaries РТ 
‚ bétween colliding plates, and molten rock from 
below creates pressure that Is released by 
volcanic eruptions, helping to build up 
mountains. Under the ocean basins, molten 
rock may well up between separating plates to 
create new ocean floor, Volcanic activity along 
the ocean floor may form undersea mountains, : 
which can thrust above the ocean's surface to 
become islands, 4C/5 
—_ 
6-8 Sedimentary rock buried беер enough тау 













“ \ . 
be reformed by pressure and heat, perhaps... . Thousunds of layers of 
melting and pure into dierent Е Ге sedimentary rock confirm the long 
kinds of rock. These reformed rock layers history of the changing surface of 
may be forced up again to become land the earth and the changing life 
surface and éven mountains. Subsequently, forms whose remains are found in 
; this new rock too will erode. Rock bears successive layers, The youngest 


The Interior of the i ishot "РТ evidence of the minerals, temperatures, layers are not always found on 


Heat flow and movement of and forces that created it. 4C/4 m желер bal а 
vod. Ц 2 
material within the earth cause Н ро ane : 
earthquakes and volcanic to NATURAL ' . P di | 
eruptions and create mountains SELECTION ; \ Irons STATES ' 
'' and ocean basins. 4С/!.... n OF MATTER Sediments of sand and smaller і 
” 2 articles (sometimes containi i 
p 227 тһе earth's surface is shaped in part by the de leche of picea Pd d а 
E motion чү a ice) and wind ‚ gradually buried and аге БИЕ --. BIOLOGICAL 
Eu 2 фе? : VOLUTI 
Some changes In'the earth's РТ НАА e ps acttolevel 2 cos together by dissolved EVOLUTION 
The earth first formed іп a molten PT surface are abrupt (such as earth- 3 : ғ. | ain 4C E 
state and then the surface cooled -quakes and volcanic eruptions) — — Rivers and glacial ice carry offsoll and ~  . Ш 
Into solid rock. (NEW BENCHMARK) while other changes happen very break down rock, eventually depositing 
І ‚ Slowly (such as uplift and wearing the material In sediments or carrying It in 
2 down of mountains). 4C/2... solution to the еа, (SFAA, p. 45) 
Vibratlons in materials set u PT | | 
wavelike disturbances that Р There are a variety of differen. PT. 
away from the source. Sound and * land forms on the earth's surface 


4:5. 






е examples, ` (such as coastlines, rivers, 


Oe tr uod | mountains, deltas, ahd canyons). 
4Р4... à ё m (В81,р.13) 



















! 
1 
i 
l . ж жузі 
! Waves, wind, water, and ісе sha UE 
' and reshape the earth's land Pe Things on or near the earth are 
; | " surface by eroding rock and soll In pulled toward it by the earth's 
some areas and depositing them gravity. 481 
р in other areas, sometimes in - А 
f seasonal layérs.4C/1- =. · / 
i ES 
Н “ to and from : 
! EN GRAVITY Rock Is composed of different | 
4 ! Хх 445 combinations of minerals, Smaller 

! BIOLOGICAL rocks come from the breakage 
2 How fast things move Things change іп steady, EVOLUTION and weathering of bedrock and 

о апд оп differs greatly. Some repetitive, or irregular бөмендке larger rocks. Soil is made partly 

WAVES things are 50 slow that ways—-or sometimes іп --------1-- CHANGE from weathered rock, partly from 
their journey takes a more than one way at plant remains—and also contains - 


long time, 4F/2.... the same time. 11C/2... 


many living organisms. 4C/2 












Chunks-of rocks come in many 


Some changes are so 
slow ог so fast that they ~e~ ! ` * sizes and shapes, from boulders \ 
are hard to see. 11C/4 M E | to grains of sand and even: 

_ Changi smállr.4C1 2%... 


462 





earthquakes rates of weathering ва | 
and volcanoes . change and erosion sediments ~~ 








Processes THAT SHAPE THE EARTH: 







E TECTONICS 


5. fora бз. cael 
phenomena. This ap portrays а progres | 


гіог, Ше plienomena of earthquakes. and 
volcanoes, and the evidence of matching 
coastlines and life-forms on continents. that 
are far apart. This should lead to students’ 
recognizing that the earth’s crust is divid- 
ed into distinct plates and understanding 
the effects of plate movement. 

Atypically, no benchmarks appear in this 
map below the middle-school level. 
However, some of the benchmarks here 
are built on.earlier benchmarks in the 
CHANGES IN THE EARTH'S SURFACE map. 
The intent of not repeating them here is to 
emphasize that learning about plates and 
their movement should wait until after 
students have developed ideas about 
change and the earth's landforms in the 
elementary grades. The extremely slow 
movements of plates relates to the SCALE 
section in Bencbmarks Chapter 11: COM- 
MON THEMES. 






sion of benchmarks avout the earth’s inte- t is arid the. ‘effects: of heat: on: materials will ie 


| mapped. in-the next. edition of Atlas and 


should contribute to students’ understand- 
ing convection in the earth’s interior. 


Two benchmarks (one in 6-8 and another 
in 9-12) are taken from the MOVING THE 
CONTINENTS section in Benchmarks 
Chapter 10: HISTORICAL PERSPECTIVES. 
The history of the acceptance cf the theo- 
ry of plate tectonics is relevant to the 
benchmarks in this map and provides an 
example of the importance of supporting 
evidence and the explanatory power of 
scientific theories. 


CLUSTER: PROCESSES THAT 
' SHAPE THE EARTH 
CHANGES IN THE-EARTH'S SURFACE CS 
` PLATE TECTONICS PT 


MAPS: 


No relevant research available in Benchmarks 





M \ FOU OKT CONTI NENA АРТ: Was 
MUU  SUewERQ 


PROCESSES THAT SHAPE THE EARTH: PLATE TECTONICS PT 


3-12 





"diverse array of еліте, 
“unrelated. phenomena. ;:.10Е3..,. А 


А Earthquakes often occur along the boundaries : CS 
between colliding plates, and molten rock from 
below creates pressure that Is released by c 


volcanic eruptions, helping to build up: : 
mountains, Under the ocean basins, molten NE 


rock may wcll up between separating plates to’ 
——— M —* ereate new ocean floor, Volcanic activity along 


ы : deep Into the earth. The surface : 
layers. of these plates may fold, j the ocean floor may form undersea mountains, 
по ET forming mountain ranges. |. which can thrust above the ocean's surface to 
The earth's plates rideona | TACIE C : become islands. 4C/5 
denser, hot, gradually deformable A : 
layer of the earth. ...4С/4, =: x | 25 


"Ocean-floor plates may slide.: : 
-under continental plates, sinking 


The solid crust of the earth— 
Including both the continents and 
the ocean basins—are part of... 
separate plats... The crust d 













The slow movement of material sections move very slowly (no i. 
within the earth results from heat more than an inch or so per year), d 
flowing out from the deep Interlor pressing against one another In 
„and the action of gravitational, some places, pulling apart jn 222; 
“forces on regions Шы other places, 10/45 SERA 
density 4С3 к 
“- 
қ . from 
| о: to NATURAL 
SEL ЕСТ 12N 


М rior ofthe earth Is hot. — CS 
“Heat flow'and movement of 

material within the earth cause К 
zearthquakes and volcanic — Ды Some changes In the earth's G 

fé “eruptions: and create mountains —— : surface are abrupt (such as earth- 
and ocean basins. 4С/1... 5 ——— —À quakes and volcanic eruptions) 

ғ : i “while other changes happen very 
{ _ Slowly (such as uplift and wearing ` 
* down of mountains). 462... 





Matching с coastlines ‘and similarities 


^ А. In rock types and life forms suggest | АУБ 
-The:eartlfirst formed in a molten CS that today's continents are / 
“state and then the surface cooled >. separated parts of what was long. r 
into solid rock, (NEW BENCHMARK} ago a single continent, 4 
(SFAA, рр. 15253) Vibrations In materials set up б 


wavelike disturbances that spread 
away trom. the source. Sound and 
earthc,uake waves are examples. 


“There are a variety of different CS АРА. 


. noto the earth's surface 
cha nés, rivers, 
аре аена, апа canyons), - V. 
0851, р:73), i i 





3-5 


the earth's : evidence of plates 
interior 








54 


TURE OF MATTER: 


“can bei used-to. explain and predict, a large 


variety of phenomeiia. Ideas. about ele- 
ments, atoms, and their combination in. 


. molecules ог. large arrays develop: from. 


two notions: that’ matter is. made of invisi- 
Шу, tiny pieces and that.the enormous vari- 
ety of materials in the world is the result 
of different combinations of a relatively 
small number of basic ingredients. 

In high school, these ideas extend to 


“ benchmarks about the relation of a materi- 


al's properties:to its atomic or molecular 
make-up, the. structure of the atom itself, 
and the existence of isotopes and radioac- ' 
tivity. The sections UNDERSTANDING FIRE 
and SPLITTING THE ATOM in Science for 
All Americans and Benchmarks Chapter 
10: HISTORICAL PERSPECTIVES could pro- 
vide context in instruction for the study of 
atomic/molecuiar theory. 











substance...” 
je other 3-5: 
rials in gener- 
epare tudents for the. 





> idea of particles too'si mallto see. More 


generally. to understand the structure of 


„natter, students must eventually recognize 
‘gases as material substances. 


Benchmarks about scale could help pre- 
pare students for the idea of atoms. The 
actual scale of atoms and molecules, how- 
ever, is quite beyond most everyone's con- 
ception and "too tiny to see through a 
microscope" is adequate for most purposes. 


The notion that roughly 100 *elements" 
make up all of the material world is intro- 
duced in 6-8. This benchmark, and the 6-8 
benchmark that follows from it, "There are 
groups of elements...,” are not intended to. 
provide a fully developed concept of ele- 
ments, The atomic definition comes later. 


The 9-12 benchmark “When elements are 
listed in order...” conveys the empirical 
fact that patterns of properties recur as 
atoms get*heavier. This statement is clearly 
incomplete and is meant mostly to set up 
study of formal periodicity for those stu- 
dents who will go beyond literacy. 


Two 9-12 benchmarks discus the relation- 
ship between the structure and properties 
of matter. One relates the properties of an 
atom to its arrangement of electrons, and 
the other relates the properties of a mole- 
cule to its arrangement of atoms. А double- 
headed arrow between the two bench- 
marks indicates that they are closely relat- 
ed, but that neither is conceptually 
dependent on the other. 


The berichmarks about.isotopes and 
radioactivity may seem extraneous, but 
they clearly build from the earlier bench- 
marks laid out here. Also, radioactive 
dating of materials provides an important 
connection to the extreme age of the earth 
in the CHANGES IN THE EARTH'S SURFACE 
map—and hence indirectly to the NATURAL 
SELECTION map (in Chapter 5). 





CLUSTER: STRUCTURE OF MATTER 


MAPS: ATOMS AND MOLECULES AM 
CONSERVATION OF MATTER CM 
STATES OF MATTER SM | 
CHEMICAL REACTIONS CR 





1991; ‘Mas, Perez, 8. Harris, 1987). With specially 
ed | nstruction, 5 some micdle- school students сап 





nof a “theory” of matter (Carey, 1991; 
85; Smith Snir, & Grassot. 1987), 





0 
ШЫ. (Carey, 1991). 


Students of all ages show a wide range of beliefs about 
behavior. of: particles, They lack an 

е very small size of particles; attribute 
macroscopic, properties to particles; believe there must be 
something in the space between particles; have difficulty 
in appreciating the intrinsic motion of particles i in‘solids, 
liquids and gases; and have problems in conceptualizing 
forces between particles (Children's Learning in Science, 
1987). Despite these. difficulties, there is some evidence 
that carefully designed instruction ccrried out over а long 
period of time may help middle-schoul students develop 
correct ideas about particles (Lee et al., 1993). 






STRUCTURE OF MATTER: ATOMS AND MOLECULES AM 


9-12 
The nucleus of radioactive isotopes 
spontaneously decays, emitting particles ane 
and/or wave-like radiation. A large. —: SURFACE i 
group of identical nuclei decays at a Т 


ргейїсїаб!е tate. This predicablerate — ^ 
allows radioactivity to be used for 
estimating їһе аде of materials that 
“contain radioactive st’ bstarices. 40/4 








Scientists continu i 


S 
” “ 


235 ^ к 
from from . 
DESCRIBING STATISTICAL, : 
CHANGE REASONING MUNERE. И" 
: т d : ` The configuration of atoms ina СА 






molecule determines the 
molecule's ргорегіеѕ, Shapes are 





ОТЕ ЧЕ fes he how'th 


_ Neutrons have no electrical charge. % (ect tei 
“atom cantinteract with other ^^^ 













"Although neutrons have little effect’ The nucleus, a tiny fr to STARS PINGERE а es АРЕ RD" 
: д ‚ a tiny fraction of the CR -to particularity important in how 
on how an atom Interacts with others, volume of an atom, Is composed of ох. еі atoms. Atoms form bonds to ` large molecules interact with 
they do affect the mass and stability protons and neutrons, each almost .- other atoms by transferring or others, 40/8 
Of the nucleus. Isotopes of the same . Tec two thousand times heavier than an . Sharing electrons. ...4D/1 . * 
element have the same number of electron. The number of positive pro- КРИС: to and from 
protons (and therefore of electrons) tons in the nucleus determines what STATENS 
Е Шш differ К the number of neutrons, an atom's electron configuration can А 
408 77 - Е be and so defines ће element. 40/2... 2 / 
: І ~ to CELL \ 
FUNCTIONS A system usually has some . . SM 
TIU ; properties that are different from СА 
When elements are listed In'order those of Its parts, but appear 






because of the interaction of 
those parts. 11A/1 






by the masses of their atoms, the 

Atoms are made of a positive CR ‚ате sequen - 
nucleus surrounded by negative _ appears over ar 
electrons, 4D/1... the list. 40/6 ” 









to VARIATION IN 
INHERITED 
257 CHARACTERISTICS 















ok m ” 
" Átoms thay stick together in well- CM ` 
defined molecules; ог may he- SM 
packed together іп large arrays. СА 
Different arrangements of atoms . 





Atoms of any element are compose all substances, ...4D/1 “~. 
alike but different from s “ UL . 
atoms.of other elements. PA 5 Жыл; 
"к! рое a % CHARACTERISTICS 
to FLOW OF f N : 
5 MATTER IN x 
i ECOSYSTEMS ` 
“ to FLOW OF 
iif , ENERGY IN 
E 3COSYSTEMS 
All matter is made up of atoms, CM . There are groups of elements that CR i 
which are far too small to see- SM i à ir properties, including 
peu through a microscope, CR i ctive metals, less-reactive 
4DA.. : metals, highly reactive non-metals, 
“ahd Someraimostcompletely ñon- 
«reactive | gases.. 40/6... to STARS 









Ша ee About 100 different elements — “а 
have been Identified... out of which 
everything Is made. ...4D/5... 












to FLOW OF 
MATTER IN 
ECOSYSTEMS 
ех „.Маќепај'тау,Бе composed of Alot of бает materials canbe СА “ 
` А parts that аге too small to һе. made from the same basic When а new material is made by CR 
materials. ,..4D/4 *—— — combining two or more materials, 


It has propertles that are different 
from the original ташта, S. 
40/4... 





Aliris 2 substance that. СМ =?” seen without magnification. 40/3 
"surrounds us and takes SM 4 


up space. 48/4... 
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to SYSTEMS 
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: e. to CELL 2T 
OE to STARS FUNCTIONS 17d T 
rn D ‚ \ d ^. "fé DESIGN 
to GALAXIES АМО “> 4 Most things are made ‘of CM бт CONSTRAINTS, 
THE UNIVERSE E. ары Ды у ars МАЙ сш 7 Wie Hen 
- Magnifiers help people see things / 
they could not see without them. “~~~. он 
sc ~ to CELLS AND Es ee ааа ааа 
Г ORGANS du Po REIN mie 
invisibly ` -basicingredi 


tiny pieces 








STRUCTURE OF MATTER: 


















about pa its’ ver SUS: whole where things 
come from: and where the go, and con- 5 
stancy in the, midst of change. ‘Several 
benchmarks about the changes of state оѓ 
water 2180: contribute. | 

Perhaps: surprisingly, this map does not 
present any benchmarks beyond. middle 
school—because the conservation notion 


itself is attainable by this time. However, 


the conservation principle should be exer- · 


cised—and reinforced and.fine-tuned—in 
high school. The conservation of matter is 
+ implicit in almost all the high-school 
benchmarks about matter and has critical 
implications for a number of other top- 
ics— conservation of matter in living sys- 
tems, conservation as a property of closed 
systems, recycling and nonrenewable 
resources, and issues of waste disposal. 
Lavosier's experiments with burning in the 
UNDIRSTANDING FIRE section of Science 
Jor All Americans and Benchmarks 
Chapter 10: HISTORICAL PERSPECTIVES 


provides an excellent background for this · 


map and conveys the importance of con- 
servation of matter for scientific under- 
standing of the material world. 





ress the core 
tion of matter: 


15 toward—and 
by—a constànt 


| number: of atoms. іп: different arrange- 


ments. (Phenomena wherein matter is 
conserved but cannot be explained by a 


' count of. unchanging atoms, such as 


radioactive decay, require a much more 
sophisticated level of understanding and 
are not dealt with here.) 


The central benchmark “The idea of atoms 
explains...” 
servation in chemical reactions, but 
changes in state and other “physical 
changes” are also clearly relevant—and 
may even provide a more appropriate 
starting point in instruction for thinking 
about conservation. | 


Тһе. changes of state strand is shared 
with the STATES OF MATTER map, but 
appears here only in part. Conservation 
of matter in transformations from liquid 
to solid is a key foundation for conserva- 
tion in тоге sophisticated situations. 
Furthermore, water provides an accessible 
example that is also crucial to topics such 
as the water cycle. 


The 6-8 benchmark,"No matter how sub- 
stances ..." shows an explicit connection 
from the SYSTEMS map (in Chapter 11), 
because thinking about boundaries of 
systems is necessary for understanding 
conservation in instances (such as burn- 
ing) that involve invisible products. Con- 
servation is also related to the more gener- 
al CONSTANCY AND CHANGE section in 
Bencbmarks Chapter 11: COMMON 
THEMES, and two benchmarks from that 
section appear here. . 








seems to imply a focus on con- 
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"transforming saana to. НА tae also start to 
ane that matter is quantitatively conserved in 
sstránsforming: от; solid to liquid: чапа qualitatively i in 
[ar sforming: ee solid or Тш to о gas— the gas is 





К» н ‘changes in several’ ‘dimensions they 
{осоп опу one. They cannot imagine a reversed or 


J peata cg (Gega 1 1986). Тһе ability to conserve 
ally Students. typi yug 








ased, n ior 
12222 ( (аў), ул, 










сагана, Ж MATTER. map: 


STRUCTURE OF MATTER: CONSERVATION OF MATTER СМ 


9-12: 





6-8 
















to FLOW OF 
В ENERGY IN ; 
to VARIATION IN ECOSYSTEMS ` 
INHERITED . 
CHARACTERISTICS | 
E | ^ 
“. [ 
`M ' 
“4 П 
“ 4. Н 
Atoms may stick together in 2n 
о M ‚ well-defined molecules, or may Бе —— 7 — 
CHARACTERISTICS 7777" packed/together in large ата MATTER IN РИЕТИ 
| Different arrangements of: ECOSYSTEMS ~ | THE EARTH'S 
into groups compose all'sub- А „77° SURFACE 
stances: ADA 00-077 ; 


tad through, ar 
41. 2 ve * 





stances Usually h have different 


welghts, 4D/2 : hes Es 
: from . 
SYSTEMS 
iamm aa a EA aeae e E 
35 
„Some features of things may stay ty and hom N | 
ithe same even'when other — .------%-- DESCRIBING Substances may move from place 
ssfeatures,change, 1161... CHANGE 22 Хо place, but they never appear. 
m dk oUt of nowhere and never Just 
disappear, (BSL, р, 119) 
to FLOW OF 
MATTER IN 
ECOSYSTEMS 


‚ No matter how parts of an object 
are assembled, the welght of the 

“whole ‘object madé'ls alwcys “he 
same as the sum of che parts 
40/2... «e 


П 
Li 
1 
Li 
V 
1 






stance. that. aee t when cooled, ога 50119 If cool 
and takes- AM. below the freezing polnt'o 
jets 88/45, = SM water. 48/3 р 










K2. 


рр "na 
` container does; not ксі ar. 
48/3 E "allowed to melt, the amount rof | 
4 water is the same as It 3s belore 
freezing: 48/2: 7 77 





I DESIGNED 
r SYSTEMS ` 















to CELLS АМО 
: ALIE LL 222. to DESIGN | 77. *--7- ORGANS | 
paper, elt physical. _ CONSTRAINTS: В 2 
ерторе i * E 
* wel 


etc). АП: FUNCT ioNs - 





changes of state changing vs. рав: 
constant properties апа wholes 





keeping track | 


Qe 





STRUCTURE OF MATTER: 


STATES OF MATTER 








: М. „nowiedgë of the behavior of: matter 
in different states. is important i in itsclf for 
science: literacy, and contributes centrally 
to atomic/molecular theory, А progression 
of benchmarks about changes i in states of 
matter, heat ¢ Energy, and emergent. proper- 
ties of collections of particles leads to stu- 
dents’ understanding of: the molecular. 
explánation. for states of;matter and 
changes of state. Exploring these phenom- 
ena in terms of perpetually ; moving mole- 
cules exemplifies, a crucial aspect of scien- 
tific theories: They explain and predict 
observations about the world. Related top- 
ics in Benchmarks, including energy con- 
servation and transformations, will be 
mapped in the next edition of Atlas. 


‘NOTES - 


‘Three. benchmarks on ‘water in the 
changes’ ‘of state strand also appear in the 
CONSERVATION: ОЕ: МАТТЕК шар. Water рго- 
vides an especially important example of 


changes‘ in state because it is familiar and 


accessible to students. Benchmarks about 
water also contribute to other topics, such 
as the water cycle, the earth’s climate, and 
biological processes. 


The simple notion in 6-8 that almost all 
matter can exist in different states 
(depending on temperature) is an impor- 
tant adjunct to developing molecular 
models for changes of state in many differ- 
ent materials. | 


The heat energy strand is included because. 
‘the relation of heat energy to the disorder- 


ly motion of molecules contributes to the 
perpetual motion of molecules and a 
molecular explanation of changes of state. 











‚ first accept air as а permanent substance (Bar, 1989). 
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Siuden nts’ ideas about conservation of matter, phase 
: = changes; ‘clouds, and: rain are Interrelaved and contribute 


to understanding the Water Cycle. Students seem to 
transit a serles of stages to understand evaporation. 
Before they understand that water is converted to an 


„invisible form, they. may initially believe that when water 


evaporates it ceases to exist, or that it changes location 
| ins : liquid ді. it is. transformed into some. 


| “grade н к as the final location of 


„evaporating. water (Russell & Watt, 1990), but they must 








avior’ of particles, They lack an 
jery small size of particles; attribute. 

- macroscopic properties to particles; believe there must be 
E отеп Л space between particles; have difficulty - 


іп appreciating the intrinsic motion of articles in solids, 
liquids and gases; and have problems in conceptualizing 
forces hetween particles (Children's Learning in Science, - 
1987). ыр these difficulties, there | is some. evidence | 










riod’ ine | help middle-school йе develop 


тес беа. about | icles (Lee et a!., 1993). 
Lo PEDI. lior 7 БА al 





STRUCTURE ОЕ MATTER: STATES OF MATTER SM 























=~ tums into a gas (vapor) in the air 


and can reappear as a liquid 
о ан when cooled, о” à solid if cooled 
below the freezing point of water. 
4B/3 


9-12 
An'enormoüs variety of biological, CR 
chemical, and physical phenomena 7 
сап be explained by changes in 
the arrangement and motion of 
atoms and molecules. ...40/7 
A system usually has some "AM ` 
properties that are different from СВ 
those of its parts but appear 
‘because of the interaction of Қ 
those parts. 11A/1 
Н 
i 
1 ж % 
- нее ЕНЕР ОРЕВИ ИР 
; \ | Р 
6-8 \ іп solids, the atoms or molecules-are closely 
: to VARIATION IN \ locked in роѕїйой"апа сап only vibrate. In 
о. INHERITED ' t ; liquids, they have higher energy, are more 
à Atoms and molecules are CR quids, they 9 ду, 
CHARACTERISTICS \ perpetually in motion. Increased loosely connected, and can slide past one 
. . 1 T i Я 
х ТУ 1 temperature means greater | another; some molecules may get enough 
to DNA AND S ENERGY IN , \ average energy of motion, so energy to indir a Ln gases, the 
INHERITED, қ ECOSYSTEMS Г most substances expand when atoms or molecules have'still more energy 
CHARACTERISTICS A / Y heated. 40/3. .. -< ; and are free of one another except during 
ВЕЩ 5 2 \ селт ; occasional collisions. ...4D/3 
2 І ^ x! \ қ | | 
е Atoms may stick together іп well- АМ і “Energy appears in different formis. 
defined molecules or maybe — CM ! Heat energy Is in-the disorderly 
packed together In large arrays, CR г motion of molecules. 4£/4,., 
^ Different arrangements of atoms i 
into groups compose all \ 
substances. ...4D/1 ' 
Pd | i 1 
4 LI 
1 1 
; Н 
All matter is made up of atoms, АМ Н \ ` Most substances can exist as а 
which are far too small to see a Н to and from y solid, liquid, or gas depnding оп 
directly through a microscope. Н SYSTEMS Кеде И ы 
ДОЛ... | ! | | temperature. (SFAA, p. 47) 
; ! 
, Н 
to FLOW ОР i 
MATTER IN i 
ECOSYSTEMS Н 
i Н 
1 I 
1 4 
1 и 
1 1 
1 П 
- 1 LU а 
i i 
3-5 i . ' | 
қ H Collections of pieces (powders, Heating and cooling cause 
р marble», sugar cubes, ог wooden changes in the properties of 
à blocks) may have propertles that | | i 
і " : materlals, 40/1... 
! the individual pleces до not. 
' (BSL, p. 76) 
1 
HET 
t 
і 
LI 
i 
L 
i 


Alr Is a substance that AM 
surrounds us and takes CM 
up space. 48/4... 





“Water can be a liquid or a'solld СМ 
ғ, and can go-back and forth from ~: 
cong form tothe other. If water is:~ 








Water cntalne 
:disáppears; but Water In a closed: ...... =, à 
x “container di 


oes not disappear. ` 
Зз o 5 vows 


emergent heat energy - 
properties | : 
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STATES OF MATTER 5M 

"i4 CHEMICAL REACTIONS CR 















jt energy appear 
ichmark that chem- 


А | f ee ‘Several Бепсї 
chemical reactio ns: This map emphasizes . сл cdm this map. The 6: 












5 зл. күн е - &aehátaestendsitoibardominated.bv:the: bi s features E 
the role: that. they’ play in students’ under... ical energy. is. store the arrangement of de ЖЕСЕ үр А bythe лын au i 
standing орап atomic/móleculàr:view of | ts forthe making lis en Шы 
: & аЗ 


the world. In interactions between differ 


ent substances, the properties of the sub: ^ 


stances produced are often different from 
the properties of the original substances. 
The atomic/molecular explanation of 
che*nical reactions is supported by bench- 
marks about combinations of the basic ` 
ingredients that form the variety of materi- 
als in the natural world, familiarity with 
changes in the properties of materials, 
"and the conditions that facilitate those 
changes. , 
The contributing topics of energy and 


electromagnetic forcés appear on this map 


in part and will be mapped in the next 


edition of Atlas. In addition, the historical ` 


account of Lavosier in the UNDERSTAND- 
‘NG FIRE section of Science for All 
Americans and Benchmarks Chapter 10: 
HISTORICAL PERSPECTIVES, along with 
benchmarks that contain general ideas ` 
about systems in Chapter 11: COMMON 
THEMES, can contribute to students' 
developing an understanding of chemical 
reactions, | 





; But an explanation 
of reactions (Вас involves energy and sub- 
atomic particles is deferred untii 9-12, 
when: students understand the structure 
of atoms. 


The 6-8 benchmark “Atoms and molecules 
are perpetually in motion...” helps students 
understand the effect of temperature on 
kow often atoms and molecules encounter 
one another—and therefore the rate of 
reactions that occur among thern. The 
same benchmark appears in the STATES OF 


MATTER map. 


Several topics in Chapter 5: THE LIVING 
ENVIRONMENT draw from an understand- 
ing of chemical reactions. For example, the 
9-12 benchmark about catalysts, in the 
reaction rates strand, is important for the 
CELL FUNCTIONS map. And the association 
of energy with changes of configuration of 
atoms in molecules is central to the devel- 
opment of benchmarks on the FLOW OF 
ENERGY IN ECOSYSTEMS map. 






ide (Andersson, 1990) 
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9-12 


Different energy levels are 
associated with different 
Configurations of atoms in 


А to FLOW OF 
ENERGY IN 
ECOSYSTEMS 



















ШУ 153 
NOSE clase ME, 798 


еше але 


other atoms by transferring or 
sharing electrons. .,.4D/1 E 


Thè. nucleus ‘atiny fraction of the 


M 
Зүгішпе of un atom, 15 composed of ` 


{protons and neutrons; each almost Ж d 
two thousand times heavier than an ` eru 2° 
. "electron, The number of positive · SOMEONE 


protons In the riucleus determines what 
“ай atom's electron configuration can be 
Min so. defines the element: 40/2... 





At the atomic leve', electric 






` "Atoms ше made of a positive AM p 


Mere : 
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Н 
ij 
nudeus surrounded by ' reactions, ...4G/2 
negative electrons, 40/1... ' Ра : 
L 
' | 
и | 2 
g 4 ы D 
E 1 " Y es : ч 
6-8 to VARIATION IN i Energy appears In different — 
. iNHERITED ! forms... Arrarigements of atoms 
b о" . i have chemical energy. 4E/4... . 
i “4 1 қ 
ИМ Atoms тау stick together in. well, АМ 
to ОМА АМО defined molecules, or may bé : :“: СМ 
INHERITED  ----------- packed together in large arrays. "SM 
CHARACTERISTICS |... Different arrangements of atoms 
toFLOWOF .---77 1. Into groups compose all 
dis substances, ..,40/1 
ECOSYSTEMS “ ; K 
А ` to FLOW OF When substances Interact to :; 
T ENERGY IN от new:substa 
ECOSYSTEMS 
There are groups of elements that AM 
~ have similar properties, including ` 
All matter Is made-up of. AM highly reactive metals, lesse - 
atoms, whlch are far.too iw reactive metals, highly reactive ` 
SM non-metals, and some almost 
through a microscope: completely non-reactive gases, ` 
40/1... СА 40%... : 
^ made, 40/5; 
35” 


‚ Alot of different materials AM 
can be made from the 
same basic materials, 


4р4 TRU When a new material Is mede Бу АМ 


combining two ot more materlals, - 





“to DESIGN Р 
CONSTRAINTS --... AEN 


basic 
ingredients 


changing 
properties 


An enormous variety of 
biological, chemical, and _ 
‘physical phenomena can be 


P explained by changes іп the 


arrangement and motlon of 
atoms and molecules. ...4D/7 


CHEMICAL REACTIONS CR 


SM 


Some atoms and molecules are. 
highly effective In encouraging 


-> the Interaction of others, ,..40/9 


“А system usually has some 
properties that are different from. 
‘those of its parts, but appear 


because of the Interaction of 
those parts. 114/1 


t 
i 
aod 
I 
' 


to and from 
SYSTEMS 


Atoms.and molecules are 
perpetually in motion, increased 


‚ temperature means greater 


average energy of motion, so 
most substances expand when 


- heated, 40/3... 


AM 5. 
SM to CELL 
FUNCTIONS 
t 
4 
4 
^ 
t 
F 
4 
t 
Ё 
4 
4 
t 
. ^ 
The rate of reactions among - 


atoms and molecules depends 
on how often they encounter one 
unother, which |5 affected by the 
concentration, pressure, and 
temperature of the reacting 
materials, 40/9... 


SM - 


The temperature and acidity of a 

solution influence reaction rates. 

Many substances dissolyein - 

water, which may greatly ʻacilitate 
` reactions between them. 40/4:: 


/ 


/ 


Many kinds of changes occur 
fastor under hotter conditions, 
ADI DE 











Ehe same basic. files: gov 
TEE all bodies, from п planets 





"pe familiar with: many different Kinds. of 
motion before they can make sense of. 


these laws (although they ‹ cán: be. taught to: 


recite thém at almost any. grade). 

Students’ understanding: about the basic 
laws. of motion involves the development 
of strands of.benchmarks about different 
kinds of motion, the principle that all 
motion is relative to some frame of refer- 
ence, and the qualitative relationship 
'between forces and motion, The under- 
standing developed in:this map could be 
enhanced by the account of Newton in 
the UNITING THE HEAVENS AND EARTH 
section of Science for All Americans and 
Benchmarks Chapter 10: HISTORICAL 
PERSPECTIVES. 


FRANK & ERNEST BOB THAVES - 











ion ‘strand, 
ОЁ otion rela- 

| ECO ed sinc asingly quantitative 
as students. progress t higher grade levels. 





“This Strand. also includes a benchmark that 
emphasizes overcoming the belief that sus- ` 


tained motion always requires sustained 
force—a perception resulting from the 
complicating effects of friction in everyday 
situations 


The 9-12 benchmark about restoring forces 
is shared with the WAVES map, and also 
hints at a relationship to the CONSTANCY 
AND CHANGE section in Benchmarks 
Chapter 11: COMMON THEMES. 


This map considers forces. only as they 
relate directly to motion. The principle 
that every action has an equal апа oppo- 


site reaction appears here іп 9-12, but will : 


be dealt with further in the next edition of 
Atlas, where it will build from additional 
prior benchmarks. 


The GRAVITY map is strongly related to this 
map (as indicated by the explicit links), as 
are other benchmarks about forces yet to 
be mapped in the FORCES OF NATURE 
section in Benchmarks. 





e cwm THAVES 9.22 


[png 





CLUSTER: MOTION 
И) 


LAWS OF MOTION LM 
WAVES W 


MAPS: 













Hore 
“(Gunstone & Watts, 1985), Teaching students to integrate 

, ће сопсерї of passive support into the broader concept 

“of force: is a challenging task even at the high-school 


“RESEARCH IN BENCHMARKS 


of force а | property of an object 
Hare thin.an.object")” ; 

a relation between objects (Dykstra, Boyle 

& Monarch, 1992; Jung el al., 1981; Osborne, 1985). In 

addition, students tend to. distinguish between active 

objects and objects that support er block. ог otherwise 

ct passively, Students tend to сай the uctive actions ` 

consider passive actions as "forces" 














w 








“Stucents:believe:constant speed needs some cause to - 


sustain it. In addition, students believe that the amount 
motion is proportional to the amou it of force; tha IF 







ate of rest [елы of friction—taat i is, they. 
i iction (Jung et al., 1981; abs 8 










eard s suggests it ir possible to 
dlerschool. students’ belief that a force always 


Pu in ГА direction of motion (White & Horwitz, 1987; 
: “White, 1990). · 





К “passive "objects (like tables) cannot (Gunstone & Watts, 


1985). Alternatively, students may betieve that the object 
Wi of some obvious property ‘will exert a greater. 2 





ч 


hat apparently rigid or supporting 


5 98 10 һ 
| objects actually deform might also help VEINS 1987). 


9-12 


All motion Is relative to whatever W 
frame of reference Is chosen, for 
there Is no motionless frame from. 
“which to judge all motion, 4F/2 










to and from 


The motion of an object is always 
Judged with respect to ѕогле 
other object or point. 10A/1... 


In many physical, biological, and М 
social systems, changes In one 


‚ Any object maintains a constant 

сер diréction uf motion 

*ufiles balanced outside - 
force acts on it. (SFAA, р. 53) . 






In most familiar situations, 
frictional forces complicate the 
description of motion, although 
the basic principles stil! apply. 
(5ҒДА p. 53) | 


direction tend to produce opposing 
(but somewhat delayed) Influences, 


behavior, 11C/5 


SOLAR SYSTEM 


Ml 


mee 
-. 
4-. 
ЫС 
` 


to and from ^^ 


leading to repetitive cycles of 


pi 


If a force acts towards a single 


755... center, the object’s path may 


curve into an orbit around the 


center. ...4F/3 е-е An unbalanced force acting on 
А an object changes its speed ог 
/ direction of motion, or both. . 
á Да АНЗ 


4 2 
Lf 


- 


GRAVITY 





“K+2 


relative 
motion 











MOTION: 


N 


The change in motion 
{direction or speed) of an 
object is proportional to the 
applied force and inversely 
proportlonal to the mass. 4F/1 





The greater the force is, the 
| greater the change їл motion 
Changes In speed or direction ої ——— will be. ...4F/1 
motion are caused by forces, 
AFL... 
5 to and from 
, GRAVITY 
Things move іп many different, _ W А 
ways, such as straight, zlg zag, oe A d ' 
г round and rotind, back апа forth: -e fhi ow something: 
and fast and slow. 4Ғ/1 "I$ moving s to:glve It a push or a` 
pull. 4F/2 . 
forces. d 
and motion 





LAWS OF MOTION LM 


Whenever one thing exerts a force 
on another, an equal amount of 
force is exerted back on it, 4F/4 


` from 
С ISCRIBING 
CHANGE 


n rü— н otat ate. кА 


толы арад I SEMEN eL ne nett Lai мақсатына MAR. 
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Sound is. опе ‘Kind of wave; and во i is the. 





vast range of radiation—ftom gamma rays, 


through visible. light, tor adio waves. “Тһе | 


`Базїс notions. of wavelike behavior are 


essential to. students. being ‘able'to.make 
sense of how the. world ‘works. The 
account.of waves developed in this map 
begins with a consideration of light phe- 
nomena, ‘vibrations that set up waves, and 
the genéral characteristics of wave behav- 
ior, which lead, in high school, to students' 
understanding of electromagnetic radiation 





‘and the behavior of light. 


The MODELS séction in Benchmarks 
Chapter 11: -COMMON THEMES is highly 


Я relevant to using the wave model for 


understanding the behavior of light. The 
vole of light as a communication medium 
is not dealt with here, but appears to some 
extent in the COMMUNICATION TECHNOL- 
OGY map (in Chapter 8). The related top- 
ics of energy transformations and light as 
an energy source will be mapped in the 
next edition of Atlas, 







| "associated w with different wavelengths, the 


effect of. relative motion on observed 
wavelengths, and the effect of wavelength · 
on how a wave interacts with a material. 
But the precise relationship between 
wavelength and frequency is very difficult 
for students to grasp and is therefore omit- 
ted here. Students going beyond literacy . 
should explore this relationship further. 


Ripples of water—which are the underly- . 
ing metaphor for all waves—are not 
treated explicitly in the benchmarks, but 
could, of course, be a major focus of 
instruction leading to an understanding 

of wave behavior. 


Connecting the behavior of light to waves 
is unlikely to make sense to students 
before 6-8. Two 3-5 benchmarks, however, 
prepare students for the treatment of light 
as waves. One comes from the REASONING 
section in Benchmarks Chapter 9: THE 
MATHEMATICAL WORLD. The other, 
which describes some basic behavior of 
light without reference to waves, has been 
added to the map, though it was not origi- 
nally in Benchmarks. : " 


Students' understanding of electromagnet- 
ic waves, introduced in the light strand, 
depends on their having first achieved 
benchmarks about the relationship 
between electric and magnetic forces. The 
topic of electromagnetic forces as covered 
in Bencbmarks will be mapped in the 
next edition of Atlas. 


CLUSTER: MOTION 


4 


MAPS: LAWS OF MOTION LM 


WAVES W 






ce ay senate 
б land оошмо 





4 segue 19% х 
“of light). They до пої. пае: а notion e light a as s something 
"that travels йот, опе place: to. another, Asa result, iue! 


t isn теа the idea that iud 
ht ht quee. 1985; датава & Driver, - 








E: light*"):and the eye "5 “Sees” Ой anything inking it it to 
_ ‘the object to the idea that light illuminates surfaces that 
г ме.сап see Б the action of our eyes ол them iene 





| ‘instruction i in optics (Guesne, 1985); however, some 5th- 
-graders can understand seeing as еді reflected 





9-12 


to GALAXIES 
AND THE 
UNIVERSE 


2 
2 
2 
P 
- 


The observed ‘wavelength of a 
Ы мауе depends: upon the relative: ' 
“motion of the source and the 
observer, If elther is moving 
toward the other, the observed 
wavelength 15 shorter; If either - 
is moving away, the wavelength 
1s longer. 4/5... 


А 


All motion Is relative to whatever LM 
- frame of reference ts chosen, for 
, there i; no motionless frame from 
which to Judge all motion. 4F/2 


6-8 
V ‚ Human eyes respond to onlya  . cdi 
i © narrow range of wavelengths of 
COMMUNICATION electromagnetic waves—visible 
TECHNOLOGY ~~~ light. Differences of wavelength 


within that range are perceived 
as differences of color, 4F/S 


1 
" to GALAXIES 
АМО THE 


Light from the sun Is made up. es 
of a mixture of many different · 
colors of light, even though to 
the eye the light looks almost 
white, Other things that give off 


‘Spans can be."seen" 
~ When light waves emitted 
os reflected by it enter the 


or reflect light have a different eye— Just as something: - 

тік of colors. 4F/1 :.. can be “heard”: When sound. . 
waves from It enter the ear. 
AFR 


to STARS 


to SOLAR 
SYSTEM 





Light travels and tends to . 
maintain Its direction of motion 

‚ until it interacts with an object ог 
material; Light can be absorbed, 
redirected, bounced back, or 
allowed to pass through, 
(NEW BENCHMARK) 


MOTION: WAVES W 


Accelerating electric charges produce | 
electromagnetic wa'res around them. -: 


Ы A great var ety of radlations аге. . | \ 
electromagnetic waves: radlo waves; : ы р 1 
microwaves, radlant heat, visible light, In many physical, biological, апі M 


ultraviolet radiation, x rays, and датта: ·: · 
rays. These wavelengths vary from radio. 
waves, the ‘ongest, to gamma rays, the 
shortest. In empty space, all. 
electromag retic waves 
speed—thé i ti 


Ж, 





social systems, changes in one 
‘direction tend to produce 
opposing (but somewhat de,ayed) 
influences, leading to repetitive 
cycles of behavior. 11С/5 


Waves can superpose on one 
:another, bend around corners, 
reflect off surfaces, be absorbed 
by materials they enter, and — 
айд геол intering.a: 
Кайта se effects > 
vary with wavelength. АЕ... 


EN 


-The energy of waves (like агу > 
form of energy) can be changed 
Into other forms of energy, 4F/6 











ALERT Hte ie. eI аа" алама 


"Wave ‘behavior c càn be described In 
‘terms of how fast the disturbance 
spreads, and in terms of the 
distance between successive 
peaks of the disturbance (the 
wavelength). (SFAA, p. 54) 


“~ light acts like a wave in ` 


many ways. And waves can 

explain how light behaves. 

(NEW BENCHMARK) _. - to CHANGES IN 
Vibrations in materials set u » THE EARTH'S 
wavelike disturbances that spread — ,.--7^7 SUF FACE 
away from the source, Sound and ~~~ 
earthquake waves are examples, 

These and other waves moveat 7---...___ to PLATE 
different speeds in different TECTONICS 


materials. 4F/4 


+оя-\ tec ee emer ad rm өзек. с өлен. әлем мн 


One way to make sense of 
something is to think how itis like 
something more familiar. 9E/1 


How fast things move differs 
greatly. 4Ғ/2... 





‘liaht 


"ES x "Things that mexe 
"Things move In. many different Mox sound vibrate. 4/3 
Ways, such as'stralght, zig zag, : Ў 
^ round апа round, back and forth, ` 








wave motion vibrations ` 


ТЕС 


$e O 
от 


SNO А | 





Henri Rousseau Tropical Forest with Monkeys, 1910 


People bave long been curious about living tbings—bow many different . 
species there are, what they are like, where they live, bow they relate to 
each other, and how they behave. Sctentists seek to answer these 
questions and many niore about the organisms that inhabit the earth. 
In particular, they try ю develop the concepts, principles, and theories 
Ibat enable people to muderstand (he living environment бейе: 


'. Living organisms are inade of tbe same components as all other matter, 
“involve tbe same kind of transformations of energy, and move using tbe 
same basic kinds of forces. Thus, all of the physical principles discussed 
in Cbapter 4, THE PHYSICAL SETTING, apply to life as well as to stars, 578 
raindrops, and television sets. But living organisms also bave 
characteristics that can be understood best through the application of 
_other principles. ' | | 


SCIENCE FOR ALL AMERICANS 


CHAPTER 5 THE LIVING ENVIRONMENT 


CLUSTER: HEREDITY 


MAPS:. DNA AND INHERITED CHARACTERISTICS 


VARIATION IN INHERITED 
CHARACTERISTICS 


- CLUSTER: CELLS: 


MAPS: CELL FUNCTIONS 


CELLS AND ORGANS 
CLUSTER: FLOW OF MATTER AND 
ENERGY 
MAPS: FLOW OF MATTER IN ECOSYSTEMS 
FLOW OF ENERGY IN ECOSYSTEMS 
саты EVOLUTION OF LIFE 


MAPS: BIOLOGICAL EVOLUTION 
NATURAL SELECTION 


Tre maps included in this chapter of Atlas of Science Literacy draw mostly from four of 
the six sections in the corresponding chapter in Benchmarks for Science Lileracy. Other top- 
ics in Benchmarks Chapter 5 that relate closely to these maps include the diversity of life, 
interactions among organisms, and interactions between organisms and their environment. In 
addition, many topics in Benchmarks Chapter 6: THE HUMAN ORGANISM are closely related 


to the maps presented here. . 
HEREDITY рр. 68-71 


Heredity is an enormously. complex subject, 
but some of its basic ideas are important for 
literacy. Offspring are in some ways alike and 
in some ways different from both their par- 
ents and their siblings. ‘Transmission of DINA 
from one generation to the next accounts for 
both the similarities and the differences. 
Both of the maps in this cluster are grounded 
in the understanding of sexual reproduction 
and the mechanism of inheritance that is 
developed through middle school. But they: 
lead to different highsschool benchmarks: 

the nature and development of inherited 
characteristics and the origins of variation in 
those characteristics. 

CELLS pp.72-75 «. 


> 


Basic literacy focuses оп what sorts of things 
happen in cells, not on detailed processes or 
on what the names of the parts are. These 
two maps have nearly identical foundations 
in the early grades on the basic functions 
and needs of organisms and the idea that 
organisms are made up of cells. Both maps 
also have important relationships to bench- 


marks about heredity through the idea that 


DNA provides the instructions for the func- 
tions common to all cells and the specialized 


- tasks of cells in different organs. In middle 


and high school, however, the maps diverge 
toward different benchmarks: functions inter- 
nal to all cells and differentiation and special- 
ization of cells in different tissues. 

* е 

Benchmarks about cells relate closely to 
benchmarks in the SYSTEMS map (in Chapter 
11)—cells can be viewed as systems with 
inputs, outputs, and boundaries, and as com- 
ponents of larger systems. Educators 
involved in developing curriculum or 
instruction may find it- helpful. to-work with 
the maps in this cluster alongside the 
SYSTEMS map. 


“227 соуег how such es 
to both maps is the great similarity of and | 





FLOW OF MATTER AND ENERGY 
pp. 76-79 


Ideas about transformations of matter and 
energy in living systems are closely related 
and particularly difficult to separate from one 
another. But they can develop separately until 
high school, when students can link transfor- 
mations of energy and matter through config- 
urations of atoms in molecules. A key bench- 
mark for both the maps (though each empha- 
sizes different aspects of it) is that food is the 
source of both energy and materials for all 
organisms. This benchmark is extended to an 
explanation in terms of atoms and molecules 
in a high-school benchmark, which і the pay- 
off for both maps. . | 


These two maps approach the transforma- . 
tion of matter and energy at the ecosystem 
level. But these processes could be' explored : 
from several different perspectives: general | 
ideas about systems, the function of cells, or 
the human organism. Thus, it could be help- 
ful to study the maps in this cluster along- 


side the CELL FUNCTIONS map, the SYSTEMS. 


map Gn Chapter 11), or the as yet unmapped 
BASIC FUNCTIONS section in Bencbmarks 
Chapter 6: THE HUMAN ORGANISM. 


EVOLUTION OF LIFE pp.80-83 ,. 

Taken together, these two maps show the 
growth of students' understanding of the evi- 
dence that leads to scientific ideas about the 
evolution of life and the theory that explains 
it. The BIOLOGICAL EVOLUTION map lays out 
arguments. and evidence that the kinds of 
organisms present in the world today all 
descended: from earlier, very ciffereht kinds -~ 
of organisms. The: ATURAL SELECTION. map 











iid among organisms, present and past. 








ius animals have s imilar É 





HEREDITY: 


DNA AND INHERITE 





have kittens, dogs have: кү This: map 5 
charts the’ development from: those piimi- - 
tive ideas to an. explanation of genes and. 
DNA, what characteristics are ‘hetitdble, 





characteristics are реш! Шой from. par- 


„ent to offspring. 


Básic literacy does not. require explain- 
ing the structure and function of DNA 
beyond its being a molecular string of | 
genetic code that-directs the assembly 


_of proteins (advanced students could 


certainly learn more about the details once 
the literacy base is established). Even this 
simple notion of DNA makes important 


- contributions to many other maps in both 


this chapter (e.g., the CELL FUNCTIONS map 
and the BIOLOGICAL EVOLUTION map) and 
other chapters (e.g., the DISEASE map in 
Chapter 6 and the AGRICULTURAL 
YECHNOLOGY map іл Chapter 8). It can 
also provide powerful explanations for 
some topics that will be mapped in the 
next edition of Atlas (such as the diversity 
of life and health. technology). 


THE FAR SIDE By GARY LARSON 





“This is your side of the family, you realize.” 





D 


«NOTES. Sod 
^, i The, cells. and develc рі 
мша the. genetic. 
ч in DNA i is translated , through. development 


CHARACTERISTICS 


a n йшй deals 
information carried 














driven by protein's mthesis in cells, into 


" observable: features. АП of the benchmarks 
that appear. in this strand are also impor- 


tant for the CELLS AND ORGANS map, in 
which the focus is on differentiation and 


the special functions of cells. 


А key benchmark in 9-12 is that as the 
organism develops, DNA can influence all 
sorts of traits, from anatomy to biochem- 
istry, and even some behavior. This bench: 


„mark is also important for the HEREDITY 


AND EXPERIENCE SHAPE BEHAVIOR map (іп ` 
Chapter 7), in which the relationship 
between heredity and behavior is treated 
more closely ^ | 


The 9-12 benchmark “The DNA code is 
virtually...” appears to be somewhat of an 
outlier from the rest of the map. However, 
in addition to being important for literacy 
in itself, it provides a connection to bench- 
marks about similarities within the diversi- 
ty of species ог the BIOLOGICAL EVOLUTION 
map. ты 

An issue that arises in this map, and іп the 
VARIATION IN INHERITED CHARACTERICS map, 
is a struggle with two sets of overlapping 
terms: “genetic information,” “genes.” and 
"DNA"; and “characteristics,’“traits,” and ` 
“features” Although the intent is for the 
benchmarks to use language appropriate 
to the grade level, in this topic it is not 
clear which terms are the most appropri- 
ate choices. 


CLUSTER: HEREDITY 


a 


MAPS: 


DNA AND INHERITED CHARACTERISTICS DC . 
VARIATION IN INHERITED CHARACTERISTICS VC 






|: a that: reproduction, , 
2 his resemblance. Students ai this age can also 

begin to understand the difference between learned 
.. fesemblance and inherited resemblance (Carey, 1985). 


: When asked to explain. how physical tr.iits are passed 
from parents to of ring, elementary-school, middle- 










ng: (шайкайды Some students believe that 
rel herited from. only one eo the parents — 


im and athers ё come from f 
believe іп a "blending of - 

Ht may not be until the-end of 5th grade 

| e e arguments. based, on үа. 





` “school: students ave some tinderstanding that” 
characteristics are determined by a particular genetic 
entity which carries information translatable by the cell. : 
| sia of all ages. E that some и 


Г ШЫ ias 


often. lon: understand how the fuslor. brings new life. у 
re. students have i an early understanding of genetics i 
Ы they may believe that the baby exists in the sperm but 
i “requires tlie egg for food and protection, or that the . 

ists in, ithe 299 ¿ and requires the sperm as trigger. 
us (Bernstein & Cowan, 1975; Goldman& — 
| о 1982). 















3-5 








HEREDITY: 


DNA AND. INHERITED CHARACTERISTICS DC 





















9-12 - 
to HEREDITY AND * 
EXPERIENCE SHAPE 
BEHAVIOR | 
to NATURAL 
SELECTION 
` AS Successive generations of an 
Rn embryo's.cells form by division, small 
«environments cause them to develop ` 
slightly differently, by activating or 
inactivating different parts of the DNA 
DNA molecules are long chains: VC Hired 68/1 КЕЛЕР 
linking Just four kinds of smaller ----Т 1 
molecules, whose precise А 
. ` sequence encodes genetic i / 
` The DNA code is virtually the Information, (SFAA, p.61) , 
‘same for all life forms. ..,5С/4 Й 
fa / Sue | / 
4 ы 4 
/ The Information passed from үс to and from 
to and from parents to offspring is coded in d CELLS AND 
BIOLOGICAL DNA molecules, 58/3 : ," ORGANS 
‚ EVOLUTION ” E ` 
: , Pd А 
І P of РЫ X 
das in , Fig 4 
sete . ee ” e 
6-8 ж” hs POTU oS etie lator " + i үс 14 
i “Тһе same genetic Information Is A 
m. ye dr od copled In each cell of the new \ 
е А organism. ...5B/2 \ 

: Following fertilization, cell division 
produces a small cluster of cells that 
then differentiate by appearance 
and function to form the basic 

АТР і tissues of an embryo. 68/3... 
\ The fertilized egg cell, carrying Қ” Ы 
genetic Information from each 
to AGRICULTURAL «parent. multiplies to form the 
TECHNOLOGY complete organism. ...5B/2... 
to DISEASE 








"sp alized tel from a female 


\ 5 
In organisms that have two sexes, УС - merges witha коны cell 


‘typically half of the genes соте. 








In some kinds of organisms, ali from each parent, 45 M " celis repeatedly divide to make ҮС 
the genes come from a single xi Р E ane седа ------------.-.... more cells for growth and repair. 
parent, 58/1... 500... 
1 
| 
кот CELL 
FUNCTIONS 
7 ———Ü 
For offspring to resemble their УС i 
‚ parents, n must be, a tellable | ' 
ween ШО VC to HEREDITY AND 
en dn ics ed ted: Other ------ EXPERIENCE SHAPE . 
7 likenesses. are learned; 58/1. BEHAVIOR ^ 





234. 


to NATURAL ^^ 
SELECTION 


sexual 
reproduction 


mechanism of 
inheritance 











u 


INHERITED 


| án heritable char- 
S acteristics builds from the same foundation 
- of early benchmarks: that appear in the 
-DNA AND INHERITED C IARACTERISTICS máp, 
"but here they lead to different. high-school 








same pak fesult Кош the recombination ^  benchmárks: explaining how genes are 

of parents' genes or mutations of genes in altered by mutation and the recombination 
reproductive cells. The ‘progression of of genes in sexual reproduction. 
benchmarks in this тар describes how | 

variation arises. in the process of passing Commonly held ideas about mutation 
genetic information from one generation often carry some misconceptions, such as 
to the next, The idea that recombination that whcle organisms can “mutate” during 
and mutation over many generations can their own lifetimes. Although this is not 
eventually | lead to very different descen- inconceivable, it is not what is usually 
dants is not dealt with explicitly i in this meant by mutation and it is irrelevant to 
map, but appears in the NATURAL the origin of variation in heredity. The 
SELECTION map.’ effects of mutations can be passed on to 

The EXPLAINING THE: DIVERSITY OF offspring only if those mutations affect the 

Lire section in Science for All Americans . · organism's sex cells. 


and Benchmarks Chapter 10: HISTORICAL 
PERSPECTIVES may be particularly helpful 
in giving students context for benchmarks 
about variation in heredity and in pulling 
these benchmarks together with those ·. 
about natural selection. Related topics in 
Benchmarks that will be mapped in the 
пег edition of Atlas include an account of 
the overall diversity of life and specific ә 
ideas about the human organism. 


_cuuster: HEREDITY 


MAPS: ОМА AND INHERITED CHAR ACTERISTICS DC 
VARIATION IN INHERITED CHARACTERISTICS VC 








9-12 The degree of kinship between 
organisms or species can be 
estimated from the similarity of their to BIOLOGICAL 
DNA sequences; which often closely EVOLUTION 
matches their classification based on 
anatomical similarities, 5A/2 
F AES 
New heritable cle 
ECHO ------ existing genes or from mutations 
of genes In reproductive cells, 
5F/5... Gene mutations can be caused by such 
І ^things-àsTádiation and chemicals, When 
ж they occur in sex cells, they can be passed 
“On Fto OFS pring; If they occur In other cells 
; ssed оп to descendant cells 
: to DISEASE encés: 
= Тһе sorting i and recombination of per nce. 58/5, ` \ 
genes In sexual reproduction D oe е 
results іп a great variety of 
к p fom us bao c = Genes are segments of DNA molecules, 
off-spring of any two parents. TOS ar Inserting, deleting, or substituting 
segments of DNA molecules can alter. DNA molecules are long chains DC 
genes. An altered gene may be passed on linking Just four kinds of smaller 
to every cell that develops from it. The molecules, whose precise 
„resulting f features may help, harm, or have sequence encodes genetic 
-little örno effect on the offspririg's success Information, (SEAA, p. 61) 
In its environment, 58/4 pcs 
| The information passed from DC 
parents to offspring Is coded In 
DNA molecules, 58/3 
6-8 
et ss 
NE The same genetic information is DC 
: copled In each cell of the new 
кс organism. ...5B/2 
The fertilized egg cell, carrying 0С ! 
genetic information from each Н 
parent, multiplies to form the 
complete organism. ...5B/2... “~... ! 
| ` D i | 
Г ‚ Cells continually divide to make DC froi peuS {но a Nee 
more cells for growth and repalr. А 
56/2... \ 
E pu | 
; s Lu Е i Е 
4 x In sexual reproduction, a single ОС ! А to DISEASE ! 
/ ` specialized cell from a female ! КА 
/ \ merges with a specialized cell B LU 
from CELLS AND от! c from а male. 58/2... In organisms that have sexes, ПС | ‚ | 
ORGANS | typically half of the genes come —— In some kinds of organisms, all DC 
from each parent. ...58/1 the genes come from a single 
' parent. 58/1... 
35 . to HEREDITY AND 
EXPERIENCE SHAPE 
BEHAVIOR 
N For offspring to resemble their 0С 
N pare 115, there must be a reliaple" 
ae pc way to transfer informatlon from 
Some likenesses between one generation to the next, 5B/2 
, children and parents аге ee 
inherited. Other likenesses are 
learned. 58/1 
Ц 
! р 
! 
to NATURAL L to NATURAL К 
SELECTION ; SELECTION 
А x N E 
— " " —— 
5 N ^ Я 
K-2 E ES Е 
| Offspring are very ‘much, but not: DC * / x 
exactly,like:thelr.parents-and like: : Р 
one another. 58/2. cp RR All kinds of ving ‘things have D 
EN ; offspring, usually with two- | 
pareti: ‘Involved. 68. m 
DE 
Е 3 
variation sexual mechanism 


HEREDITY: 














reproduction of inherltánc.:: . 





VARIATION IN INHERITED CHARACTERISTICS VC 





benchmarks: the basic needs: оѓ‹ organisms, 
the basic functions that. ate: performed i in 
organisms; and’ the. structure of organisms 
and cells, `” 

These strands of Баана first come 
together i in middle school, where the 
benchmarks include; the idea that the basic 
runctions of or ganisms are carried out in 
cells. Later, when students know some- 
thing about the. structure. of matter, they 
can understand the synthesis of protein 
molecules and the. interactions of mole- 
cules within and, between cells. This map 
has some important relationships to topics 
that will be mapped in the next edition of 
Atlas, including basic human functions and 
the commonalties evident within the diver- 
sity of life. 


.... described in the FLOW OF MATTER IN 


CLUSTER: CELLS 


MAPS: CELL FUNCTIONS CF 
CFLLS AND ORGANS CO 


1006 П 


j m Re 


ECOSYSTEMS тар. апа the FLOW OF ENERGY 
IN ECOSYSTEMS тар оп a macroscopic 
scale. In addition, the similarity of cell - 
functions in all organisms is included in 
the BIOLOGICAL EVOLUTION map, where 

it provides evidence for descent from 
common ancestors. 





In 9-12, ideas about the functions common 
to all celis are further extended to the | 
benchmark that different parts of the cell 
carry out specialized functions and eventu- 
ally that the proteins made in the cell 
carry out its work. 


Extremely important contributions to 
achieving benchmarks about cell function 
come from knowledge of the effect of the 
configuration of atoms in molecules, condi- 
tions that affect reaction rates, and cata- 
lysts. Two: benchmarks from the CHEMICAL 
REACTIONS map (in Chapter 4) appear here 
to support,fhe 9-12 benchmarks. 


9-12 


CELLS: CELL FUNCTIONS CF 

















































f In all but quite primitive cells, а 
E SEU CENE complex network of proteins 
ЫЗЫН 5 provides organization: and shape 
À aah mal c PN. 
Complex Interactions among ће CO 
НО б ; different kinds of molecules in 
“molecules: Even small d zd ‘ell: the cell cause distinct cycles of 
- acidity can alter the molecules Чур pan мкин to > activities, such as growth and 
ahd how they Interact;$CI7:: « ; ЖӨНІН Protel- > division. Cell behavior сай also be 
; \ molecules г are long, usually folded фай . slider eU шык чам Fe bud 
` о т о 
2 Some atoms and molecules аге е oie оома 5С/5 
zs ы, 22 highly effective іп encouraging A | 
The rate of reactions among the interaction of others. ...4D/9.: fids Оп] Its specific 
atoms and molecules depends on T and its shape, 
how often they encounter one. d Ж consequence 
: another, which Is affected by the 1293 
“concentration, pressure, and . Lens 
: temperature of the reacting we The configuration of 
“materials. 40/9... er a molecule determines th 
! PL ` molecule's proper api т. i к à The чек Information encoced 
U ез ake аве particularly important in how “energy capture e and ге lease, protein 5 In DNA molecules provides 
! „ж ЖӨНІ LE Ae oe Interact with еар ерттер ен: Sx 068 pr M Ed cin co ы п assembling protein 
НЕМА РТТ отек ‚ i enter and leave the cell, SC/1... Шыны а 
REACTIONS > | i ү 
| | | 
from ATOMS АМО i 
MOLECULES {6 and trom ом Ж 
Within cells, many of the basic арго 
ар ото "functlóns of i еллар аѕ CHARACTERISTICS 
ECOSYSTEMS => extracting energy f from food and 
"OF ENERGY IN 
to and “оі 
ECOSYSTEMS BIOLOGICAL 
EVOLUTION 
Various organs and tissues 1 
- function to serve the:needs of all ! 
cells for food, alr, and waste : Different body tissues.and organs CO 
removal, ...5С/2 are made up of Le kinds of 
; celis. ...5C/1.. 
i R. 2j 
Ж Cells repeatedly divide tomake СО 
more cells for growth and "тес 
All living things аге composed СО Sen І 
of cells, from just опе to тапу ! 
millions, whose detalls are usually i 
visible only through a microscope. Н 
7 SOL. ы а 
: CHARACTERISTICS 
A 
Some living things consist of a me | 
single cell. Like familiar organisms, 
Y ‚ they need food, water, and air; а е HE: 
way to dispose of waste; and an. 
environment they c can fi » 


: temperatures Iù their environ 









Microscopes make it possibleto СО 
see that living things are made 
to ATOMS 
“AND MOLECULES 


mostly of cells. 5C/2... 
to STARS “ A to CONSEPVA.ION . . 


ya 


to GALAXIES AND 
THE UNIVERSE 





















to AGRICULTURAL to FLOW OF $m: база prope see things. CO | 
TECHNOLOGY +, agniflers he le see thin 
E ECOSYSTEMS IE е, uld ios 5 ` Most things are made CO 
/ SYSTEM гр ; of pans. ПАЙ. Ы 
to FLOW OF MATTER a ч | to DESIGNED 






IN ECOSYSTEMS 5 
5Ү5ТЕМ5- 
just as other animals.do. 6A/2 YSTEMS. 





basic needs basic functions structures ^ ` 
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“of the understanding: that different célls .: 
perform specialized tasks begins with 


macroscopic claims about the roles of dif- К 


ferent organs. In middle school, students 
can extend their previous. knowledge that 


‚ some organisms are made up of cooperat- 


‘ing’cells to. comprehend that different 
organs are made up of different kinds of 
cells, organs serve the various needs of all 
cells, and that ‘communication between 


_ cells in the same or different organs is 
essential to the living system. The closely 


related topic of the basic functions of the 
human organism will be mapped in the 
next edition of Atlas. 


NOTES: 
© The functions. of азама includes 
cells makes: possible pica | оге c comple ДЫ г benchmarks; mosti 
sand. efficient organisms. The сала he-functio 







human context, 
différent organs. 
ел uman organs рго- 


videa basis f for later understanding the 


special fünctions. of different ceils (on a 
microscopic scale). These benchmarks also 
lead to later knowledge of the basic func- 
tions of the human organism. 


The cell differentiation strand focuses on 


fertilization and the development of organ- : 


isms, in which cells programmed by the 
same DNA instructions eventually differen- 
tiate. Further elaboration of ideas about 
development, and more specifically human 
development, in Benchmarks Chapter 6: 
THE HUMAN ORGANISM, could enhance 
the benchmarks in this strand and will be 
mapped in the next edition of Atlas. 


CLUSTER: CELLS 
MAPS: CELL FUNCTIONS CF 
CELLS AND ORGANS CO 





9-12 


ш" 


Different parts of the instructions 
Every cell is covered by a 


are used in different types of CP 
cells, influenced by the cell's 
membrane that controls what 


, environment and past history. 














= БЕЛЕСІ can enter and leave the cell. і ` 
eye SCA... B 
qe In addition to the basic ceilular 
to and from DNA functions common to all cells, most 
AND INHERITED А ; - cells in multicellular organisms 
` epee E As successive generations of añ э 
ыы S :--.. embryo's cells form by division, perform some special functions 
! simall differences in their that others do not. ...5C/2 
Н Immediate environments cause 
5 them to develop slightly 
The genetic information encoded P d differently, by activating or 
^" in DNA molecules provides inactivating different parts of the 
Instructions for assembling DNA information, 68/1 
protein molecules. 5C/4.. . 
` Lungs take In oxygen for the combustion of 
food and they eliminate the carbon dioxide 
Following fertilization, се он ишк nece th esl 
ы ; division produces a small cluster ` tract removes solid wastes, and the skin 
~The same genetic information is of cells that then differentiate by ‘Matious'Grgahs and tissues CF 
> А and lungs rid the body of heat energy, The 
pe In prod of the new appearance and function to form ünctión to serve the needs of all eem circulatory system moves all these sub- 
a ala as ra tissues of an embryo. cells for food, alr, and waste stances to or from cells where they are 
4 yi ~ removal. ...5C/2 needed or produced, responding to 
РМ changing demands. .,.6C/3 
| ' \ . к 
`~ : < Different body tissues and organs CF 
The fertilized egg cell, carrying ©з | are made up of diferent kinds of 
genetic Information from each ____________ ; toana from DNA.. Cells repeatedly divide.to СЕ Wes ус 
parent, multiplies to form the maia more cellsfor. с: М 
complete organism, ...5В/2... АНАҒАН ТН growth and repalr, 5C/2:... X NN 
Е X to and from ` 
BIOLOGICAL 
EVOLUTION®: 
^ ne erat бен с ЕЯ es fet animals, ий Senis i 
of Cells, trom: n : X ave systems for obtaining ` 
millions, whose details are usually to and from and providing energy, defense, 
visible oniy through a microscope. DISEASE reproduction, and the coordination 
л... xe of body functions. 6A/1 
, The brain gets signals from ali 


Microscopes make it possible їо ` CF 
see that living things are made 


mostly of cells, 5С/2... 


to ATOMS АМО , 
MOLECULES 







to SOLAR 
SYSTEM 






to SYSTEMS 
4 


“ 
“ 
“ 
“ 
“ 


to CONSERVATION 
OF MATTER ^-... 
T ~~ Most things аге 


м. 


Magnifiers help people see things CF 











, tO GALAXIES AND 
THE UNIVERSE 


CELLS: CELLS AND ORGANS СО 


Communi-ation between cells is 
.Tequired to coordinate their 
& ivities: Some cells 
“secrete Substances that spread to 
nearby cells or are carried in the 
bloodstream to all cells. Along 
nerve cells, electrical impulses 
‘carry information: much more 
rapidly than is possible by 
опон blond fw К. 






Complex interactions among the, CF 

different kinds of molecules in the 
Te. cell cause distinct cycles of 

activities, such as growth and . 

diviston. Cell behavior can alsc be 

affected by molecules from other 

parts ofthe organism or even 

other organisms, 5С/5 





‘to DISEASE 





















parts of the body telling what is 


Skin protects the going on there. The brain also 
body from harmful sends signals to parts of the body 
substances and other to influence what they do. 6С/4 
organisms and from m 
drying out, 6C/3 





MS ән я 





_ Senses сап, warn individuals about 


The brain enables, human belrigs е 
5 dàfiger:  müseles pub them. 1 7 


j think and'serids messages to . ^ 
ther body parts to help them 










made of parts, 11А/1 they cculd not see without them. 
Е ” Е 501 phe 335 
; ч Hun: опре reyes: jt 
DÉSIGNED t қ 
SYSTEMS соир уан ий, to”. 
cell structure division | 
differentiation oflabor 


75. 
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‘transformed when it tree from. опе, 
organism to another and between organ- : 
isms and their physical. environment. The 
total amount of matter in the ecosystem 

does not: change. Three strands of bench- 


- marks in this map lead to literacy in únder- 


‘standing the flow of mat er in ecosystems: 
the synthesis of food in plants, the food . 
web of what feeds on what, and the cycle 
of matter: which includes decomposition 
of organisms after death. 

Many benchmarks about the structure of 
matter from Chapter 4: THE PHYSICAL 
SETTING cohtribute to understanding the 
transformation of matter in ecosystems. 


` Related topics, such as the basic functions 


of the human organism and the interde- 
pendence of life, will be mapped in the 
next edition of Allas. 


"бег GRING, 
RECOCLING 1 


ТНЕФ TAKE TRASH 


4 “Over a long 2. 


vf CRUSH IT UP IN. 
TO LITTLE PIECES s 


OF MATTER AND ENERGY: 


V OF MATTER IN ECOSYSTEMS 








"In 9. Т2 Һеѕе ideas 
“аге cast in terms. of 1 rearranging atoms and 
molecules (rather than the somewhat mys- 
terious “transformations” of substances), 
and synthesized with benchmarks about 
energy flow. 


The 3-5 benchmark stating that air is a sub- ` 


stance comes from Chapter 4: THE PHYSI- 
CAL SETTING. For students to understand 
that plants take something out of the air to 
make focd, they need to believe that air is. 
a substance (that plants are not making 
food out of nothing or solely from soil 

and water). 


The 9-12 benchmark “Plants alter the 
earth's atmosphere...” suggests a connec- 
tion between the flow of matter and the 
interaction between organisms and their 
environment. Additionally, the 9-12 bench- 
mark about the formation of fossil fuels 
hints at the ways humans, in particular, 
impact ecosystems. Both of these topics 
will be mapped in the next edition of 
Atlas. | 


ANP THEN CHANGE 
IT INTO HARMLESS 
Bi gO DE CRAVABLE 








сшвтев: FLOW OF MATTER AND 
| ЕМЕКСҮ 


FLOW ОҒ MATTER IN ECOSYSTEMS ЕМ · 
FLOW OF ENERGY IN ECOSYSTEMS FE 


MAPS: 


(Bell à Brook, 1984; Roth & baron 1987; 
опе}: 1990): Ter think piani get шч food 


| change’ (Anderson: et äl., 1990): Even after traditional 
_, Instruction, л have difficulty сш that ip 










, к а 


| ix conser 





Anderson; 4986). Some students see only chains of | 
„елы au рау TN to the matter involved n ES 






г беи than, testing it froin one substance Um 
Peer one form of recyclin ші ; 





E specially dene instruction, pun dint to judi. 
misinterpretations. Instruction that traces matter through 

“the ecosystem as a basic pattern of thinking may help 

Correct these difficulties (Smith & Anderson, 1986). 


3-5 





к? 


9-12 


from 
CONSERVATION 
OF MATTER 
У 


е 
, 


Atoms may stick together In 
* well-defined molecules, or may 
‚‚ be packed together In large - 
_ arrays, Different arrangements |. 
' of atoms Into groups compose ` 


‚ allsubstances. ..:4D/1 


from ATOMS AND 
MOLECULES 
т 
i 
% 


‘ 
Ц 
П 
$ 
П 
` 
\ 
` 
D 
` 
‚ 
` 
\ 








FLOW OF MATTER AND ENERGY: FLOW OF MATTER IN ECOSYSTEMS ЕМ 
А БИШНЕ 
Plants alter the éarth's 


thatmake ар: 
the molecules of living things pass 
‚through food webs and are combined 
Zand recombined in different ways, At. : 

БЕ ак "each link In a food web, some energy ` 


is stored in newly made structures but 
much 15 dissipated Into the 





‚ atmosphere by removing carbon - 
«dioxide from it; using t the carbo 


to make si Pi and buo EST 
` oxygen. ai. T 



















At times, environmental 

5 heat; Continpal input conditions are such that plants 

fof ry: -trora sunlight. Keeps е : and marine organisms grow faster 

process going. SE/3 . than decomposers can recycle 
. ‘them back to the еп /Ironment. 
$ Layers of energy-rich organic 
Е materlal have been gradually 
turned into great coal beds and 
ü oll pools, 5Е/1,.. 
The Idea of atoms explains the Food provides molecules FE 
conservation of matter: та te | fats s eas uel and О 
TAN number of atoms stays the same - ШП mat 
no matter how the same atoms organisms: БЕЛ < эы eniin s SEP 
are rearranged, then their total repeatedly and between organisms and 
mass stays the same, ...4D/7: и thelr physical environment, As In all 
materlal systems, the total amount of ` 
———*” matter remains constant, even though 
Its ют and location change. SE/2 

No matter how substances ` ) ion. i 

within a closed system Interact -" СБА ака 

^. the total mass of the system- 

remains the same. 4D/7.. 

Carbon and hydrogen:ar 
common elements of livir 
matter...,.4D/6 .. 










| thatieat plants. break - FE : 
down, КІ plant structures to. a EE. 
А ойе Ye materials and energy HR hon 9 andirom 4 А 
Plants use the energy from light РЕ -- «they need.to survive, Then they Т аса ae 
to make sugars from carbon are consumed by other | decomposed after death to 
‚ idloxide.and water, БЕЛ: артыуы, 58i. oe > 
P4 e . , 
тето: toé o 100 ; 
Du A ea Жі Шығ МОЛ ү 
ween plan 74587 Sit аны: 


return food materials to the 
environment, ...5A/5 
— the: human .. 

















eroscoplei óceari plants, E 
ahimals:that-feed оп them; and ` One organism may 
"finally {һе animals that feed qn those: scavenge or 
canimals. The-other.web Includes land ,. decompose another, 
ants: the‘animals that | е бїїһет,  ..502,.. ^ 
‘and sò forth. 5А/5,,, 
v 
’ 4 
\ 
\ . Insects and various 

7 -other organisms 

` depend on dead 

\ plant and animal 

„Alr Is а substance that surrounds: : materlal for food. 

E us and takes up space. 48/4. 50/2 ы 
е ea ш. Е Almost all kinds of FE | | 
MAINTAINING 26. Wiaterlale for body © nme d an Over the whole earth, ^. 
GOOD HEALTH тераїг ала growth, plants, ЕЛ 
to AGRICULTURAL to CELL 
TECHNOLOGY . , FUNCTIONS 
1 EN Р К 
2 У 






organisms аге growing, dying, 
К decaying, and new organisms . 


are belng produced bythe old 
ones, 5E/3 


“Animals eat plants or other [3m 
{айта} for fond; вот, 









plante 
making food 





food web 








matter cycle 


E 
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ОШЕН, ‘and: consuming о oxidize 
that food for. energy.: Know кіре оғ these 
transformations and-of the: irreversible 





flow of ¢ energy: from sunlight, through. the: x, 


food. web; and back into: th efvironment - 


' as heat: аге a critical’ part of students’ - 


understanding of ecosystems. This map dis- 
plays. the progression of benchmarks about 


energy іп living things, plants making food, . 


and food webs. | 
Understanding the transfer апа transfor- 


‘mation of energy in living systems requires 


that students achieve some benchmarks 
about energy. їп general: energy transforma- 


. tion, heat transfer, and energy conservation. ` 


Some benchmarks about energy are includ- 
ed here, but the ENERGY TRANSFORMATIONS 
section.in Benchmarks Chapter 4: THE 
PHYSICAL SETTING can be used in con- 
junction with this map. Related topics deal- 
ing with energy will be mapped in the 
next edition of Atlas. | 


?F MATTER AND ENERGY: 


sus ed: in two bench- 

id that is certainly before 
Шу understand the concept. 
Ё епегву as “some- 





ning tha 


of energy. 


Getting students to understand energy 


transformations in living systems requires 


that they grasp the fairly sophisticated con- 


cept that changes in configuration of atoms 
in molecules absorb or release energy. This 
concept appears here in a 9-12 benchmark. 
(on the left side of the map) and is given 
further support in the CHEMICAL REACTIONS 
map (in Chapter 4). This benchmark is 
essential for understanding the linkage of 


matter and energy, as presented in the 


benchmark at the top of this map, which 
provides a synthesis of the ideas developed 
both in this map and in the FLOW OF 
MATTER IN ECOSYSTEMS map. 


makes things go or grow" is ade- · 
“quate at this. stage, and can contribute to 
"their later, more advanced understanding 







cLusTeR: FLOW OF MATTE}. AND 
ENERGY | 


MAPS: FLOW OF MATTER ІМ ECOSYSTEMS ЕМ' 
FLOW OF ENERGY IN ECOSYSTEMS FE 










fo energy? both before and after 
jn ier siderably different from its... 
ientific meaning. 7 (Solomon, 1983). In particular; 
~ students believe. energy is associated only with humans 
«Qr. movement,: 458 fuel: like quantity which is used up, or 
‚Б something that makes things happen and is: expended 
| їп the process. Students rarely think iu is measurable 









т adio ‘associate energy ai with living things, in . 
, particular with growing, fitness, exercise, and food (Black 










Middle-'and high school students tend to think that . 

energy, transfarmations i ve only one form of energy 

Wells;:1988). Although they develop ` - 

skill'in identifying different forms of energy, in most ` 
cases their descriptions of energy change focus only on 

«fo rms Шан have = aston a ereas (Brook & Driver, | 









кр е0 gts of all ages, үн бшу) іп Шейн? 


An 


the.sources. of energy for plants and also for гітар. 


Although; aide designed instructio. does help - 

students correct their | understanding about energy . 

exchanges some difficulties remain (Anderson et al., 
74990): саш ‘coordination’ between The Physical 

Setting and The Living Environment benchmarks about 
ervation ol of matter and energy and the nature of 
energy may help alleviate these difficc kies (Anderson 
чөё}:а.„1990),е хе - 









See the FLOW OF MATTER IN ECOSYSTEMS map 
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Different energy levels are 
associated with different 
configurations of atoms in 


* molecules. Some changes of 


- configuration require . 


. a net input of energy, others 
г, Cause à net release, 45/4 








Most of v'hat goes on іп the 


! 
i 
4 
Li 
11 
4 
L 

to and from 


CHEMICAL 
REACTIONS 


An important kind of reaction 


FLOW OF MATTER AND ENERGY: 


The cheffical elemehts that makeup FM 
А ез diving: ihingspass | 
andare jed 





“and Tecornbined in dea ways, At 
each link in a food web, some energy 


is stored in newly made structures but 
кес much is dissipated into the 
environment as heat. Continual input 





Organisms get energy from 


oxidizing their food, releasing 


between substances involves the ___—— some of its energy as heat. 


combination of oxygen with 
something else—as In burning or 
rusting. ...4D/6... 


universe... involves some form of ~ 
-energy being transformed into 


another. Energy in the form of 


+ 5E/3.., 






Energy can change from one form 


Almost all food energy comes 
originally from sunlight, .,.5E/3 













of energy from sunlight keeps the 
process going. 5E/3 


Food provides molecules FM 
that setve as fuel and 
building material for all 
organisms, 5Е/1... 


s 25.3 
& 
"n . organisms. ...5E/1 


Plants use the energy from light FM ` 
to make sugars frorn carbon р 
dioxide and water. ...5£/1... < 


ж. 


x 







. Organisms that eat plants break 
down the plant structures to — — 

. produce the materials and energy 
they need to survive, Then they 
are consumed by cther 


a ЖЕУ, to another In living things. 5E/3... .. 


One of the most general FM 

distinctlons among organisms 15 Plantscanusethe — FM 
between plants, which use _ foodtheymake | 
sunlight to-make thelr own food, Immediately or store it 


` for later use, ...5E/1,.. 


FLOW OF ENERGY IN ECOSYSTEMS FE’ 


Тез LL ee Atoms may stick together in ҰК 
І - well-defined molecules, or may be 


packed together іп large arrays, 
Different arrangements of atoms 
into groups compose all 
substances, ...40/1 
М N 
r ^ 
t HJ 
to and from 
ATOMS AND 
. MOLECULES 


+ ` 
to and from 
CONSERVA: .ON 
OF MATTER 


~~~ to and from 
CTU FUNCTIONS | 


All-organisms, including thehuman FM 
specles, are part of and depend on 
two main Interconnected global food 


: webs, One Includes microscopic ocean 


plants, the animals that feed cn tnem, 
and finally the animals that feed on 


: those animals. The other web Includes 


land plants, the animals that feed on 
them, and so forth, 5/5, .. 


heat Is almost always опе of the 


and animals, which consume 





products of energy energy-tich foods, БАЛ... ES 
transformations. 4/2 
` Almos: all kinds of FM 
to and from animals’ food can 
MAINTAINING be traced back to 
а plants. 5E/1 
Л 
, From food, people ` FM 
obtain energy and | Ó 
Били тсс, materlals for body уз 
ді гергіг and growth, 
Some source of “energy” is 601... І 
needed for all organisms to 
stay.alive and grow, 5E/2 
to AGRICULTURAL to CELL 
TECHNOLOGY ,. , FUNCTIONS ' 





: Most; iving things need . 
itef Nod, and ale 502 


епегау in 
living things 


агоны take ii: 










plants 
making food 
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ILUTION OF LIFE: 









Qm of ше fhost striking things about 
the living world around-us isthe great | 
diversity: among the différent. kinds.of 
organisms now on this. planet. And yet the 


deeper scientists have probed, the greater ` 4 


the similarities that have emerged. The sci- 
entific. concept of. evolution draws on 
ok. servable facts about life on earth to 
explain similarities within the diversity of 
life according to: descent from. common 
áncestors. 

This map : ж Ше evidence for biolog- 
ical. evolution from two kinds of observa- 


"tions: patterns of similarity and variety 
among living organisms and corresponding 


patterns of similarity and variety in fossils 


. Of organisms that iived long ago. In high 


school, these lines of evidence are brought 
together with benchmarks about natural 
selection (which also appear on the 
NATURAL SELECTION map) to provide a sum- 
mation of modern scientific ideas about 
biological evolution. 

The EXPLAINING TRE DIVERSITY OF LIFE 
section of Science for All Americans and 
Benchmarks Chapter 10: HISTORICAL 
PERSPECTIVES is important for understand- 
ing biological evolution and illustrates the 
role of evidence and reasoning—in particu- 
lar the reliance on the recognition of pat- : 
terns in historical evidence. Evolutionary 
change as a more general concept and the 
notion of scale to convey the immense 
amount of time involved are covered in 
Bencbmarks Chapter 11: COMMON 
THEMES and could also enhance students' 
understanding of biological evolütion. - 





Ni OTES. be opes 
‘In the fossil эйс strand, two bench- 
marks address erosion апа sedimentation 


GICAL EVOLUTION 











of soil. For students 
implication of 


comprehend the 
dence, they need 






Чо have a sense for how fossils came to be, 


which requires that they understand the 
deposition of seasonal layers of what even- 
tually becomes rock. Further support for 
and development of benchmarks about 


erosion and sedimentation can be found in | 


the CHANGES IN THE EARTH'S SURFACE map 
Gn Chapter 4). 


In the evidence from existing organisms 
strand, several benchmarks about similarity 
at the cellular level contribute to the evi- 
dence for evolution. Connections to the 
CELL FUNCTIONS and CELLS AND ORGANS 
maps, which provide more extensive cov- 
erage of benchmarks about cells, can 


: enhance students’ understanding of the 


benchmarks presented here. 


Through 6-8, the ideas in this map are gen- 
erally considered to be true and desirable 
for children to learn. In 9-12, ideas appear 
that some people interpret to be inconsis- 
tent with their own beliefs about the 
diversity of life on earth. These 9-12 ideas 
are nonetheless an important part of mod- 
ern scierice, and science literacy requires 
at least knowing what they ate (whether 


‘students believe them to be true or not). 


' CLUSTER: EVOLUTION OF LIFE 






^^ BIOLOGICAL EVOLUTION BE 


NATURAL SELECTION NS 





| ‘EVOLUTION OF LIFE: BIOLOGICAL EVOLUTION BE 



















9:12 Far ai О ад ой" № 
Life on earth Is thought to have 
| begun as simple, one-celled 
d AT angie i хог anismns-about/4 billion: ‘years ~: 
“direction” БІТЕДІ ge 200. Опсё cells with nuclel 
be like the growth of a bush: Somer. 5 developed about a billion years 
branches survive from the beginning with * ago, increasingly complex multi .- 
s little or no change, many die out altogether, cellular organisms evolved. 5F/8 
and others branch repeatedly, sometimes. . \ 
liom VARIATION giving rise to more complex ех organisms, SF EUN \ 
IN INHERITED `. А \ \ 
CHARACTERISTICS 5. ОРТКЕ, from CELLS | 
| i ДЕДЕ at d NS AND ORGANS 
i Molecular evidence substantiates exi 
У the anatomical evidence for i5 
: 5 evolution and provides additional 
The degree of kinship between detail about the s здџепсе in which species. 5F/1 
-organisms or species can be Шеке асасын 


various lines of descent branched 
off from one another. 5F/2 













. estimated from the similarity of 
„their DNA sequences. 5A/2... 


| 


:The DNA code Is virtually the 
"зате for ali Ше forms, ..5C/4 ` 





SB 





. More recently deposited rock 
layers are more likely to contain 
. fossils resembling е dsting 
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species, ...5F/3 | 
AND INHERITED 
CHARACTERISTICS 
; [n ent гү 
г The cells in similar tissues and . © re ееп МЕ 
andion organs in other animals are similar атїоп Dun 5А/3.., Many thousands of layers of 
CELL FUNCTIONS -------- 7 to those іп human beings but differ sedimentary rock provide е sidence 
x somewhat from cells found in -forthe long history of the earth and Sediments, sand and smaller 
“ plants, ../5С/1 “for the long history of changing life particles (sometimes containing 
XS forms whose remains are . ~- . the remains of organisms) are 
X found In the rocks. 5F/3... ` gradually burled and cemented 
ЕЧ i x - together to form solid rock 


` : again. 4С/3 


The way іп which cells 
function Is similar.in all 
living organisms. ...5C/3 





to avd from 
CHANGES IN THE 
EARTH'S SURFACE 





“Fossils” can be compared to one 
‚ another and to living organisms 





A great variety of kinds of living 


according to their similarities and ` 
things сай be sorted Into groups differences. Some organisms that Waves, wind, water, and Ice: 
y Ч lived long адо аге similar to ~ Shape and reshape the earth's 

іп many ways, 5A/1... А 
existing organisms, but some surfa‘e by eroding rock and soil 
are quite different, SF/2 іп sorne areas and.depositing .. 

2 them In other areas, sometimes ` 
In seasonal layers. 4С/1 









Some Kinds i of organismstha E 
"onte lived ón earth have completely: 





are alive today. 5F/2° —— 


evidence from . 


Ў fossil evidence : 
existing organisms 
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[М ыы seléction explains how the- е 
"diversity of. species ‘we see today and- in s 
the fossil records could all descend from 


“EVOLUTION OF LIFE: 


:NATURAL SELECTION 









common ancestors. ‘The idea of natural 


selection requires a fairly complex sense of 


both similarities and differences evident in 
diverse crganisms and the advantages or 
disadvantages of those differences (relative 
to particular environments). 

Students' growth of understanding about 
tne mechanism of natural selection relies 
оп benchmarks about artificial selection 


(breeding), inherited characteristics, varia- 


tion and advantage, and changes in the 


‘environment. A subtlety in this story is 


that other organisms, too, are part of the 
environment, So organisms adapt in part to 
one another—all of life evolves together. 
Consequently, the interdependence of life, 
a topic that will be mapped in the next 
edition of Atlas, relates closely to this map. 

Ideas about natural selection are also 
inumately related to the explanatory and 
predictive role of scientific theories. 
Further, the EXPLAINING THE DIVERSITY 
OF Lire section in Science for АП 


. Americans and Benchmarks Chapter 10: 


HISTORICAL PERSPECTIVES could be used 
to claborate on the benchmarks in this 
map. | | 





' ation...” 





| "They are difficult to grasp because they 


appear. paradoxical: siblings are like one 
another, but they are also different. To pull 
this apparent paradox together, students 
have to realize that every organism is dif- 
ferent from every other—but they are less 
different from their close relatives. 


The inherited characteristics strand omits 
several 6-8 benchmarks about heredity 
that appear in the DNA AND INHERITED 
CHARACTERISTICS and VARIATION IN 
INHERITED CHARACTERISTICS maps because 
they are not specifically relevant to natural 
selection. 


The arti"icial selection strand makes the 
point that some characteristics of plants 
and animals can be changed significantly 
over a few generations through selective 
breeding. Nearly all of this strand is repeat- 
ed in the AGRICULTURAL TECHNOLOGY map 
Gn Chapter 8), where it is related to agri- 
culture in general and to 9-12 benchmarks 
about genetic manipulation. 


The 9-12 benchmark “Тһе continuing oper- 
shows a connection,from the 
CHANGES IN THE EARTH'S SURFACE map (іп 
Chapter 4), providing evidence through 
the extreme age of the earth for the enor- 
mous time available for natural selection to 
act. The theme of scale from Benchmarks 
Chapter 11: COMMON THEMES is particu- 
larly relevant here. 
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CLUSTER: EVOLUTION OF LIFE 


MAPS: BIOLOGICAL EVOLUTION ВЕ 
NATURAL SELECTION NS: 





ccurrence i NeW шше іп а: коо and their effect 2 
g term’ “Survival (Bishop & Anderson, 1990). Many. 





Й students believe that environmental conditions are 


responsible for changes in traits, or that organisms ` 
-develop new traits because they need them to survive, or 
. that they over-use or under-use certain bodily organs or- 
E | itiés (Bishop & Anderson, 1990). By contrast, students 
have little understating that mane alone produces. 














“=¢ombinations of existing g genes or by mutations of genes 
a bil & Wood- Robinson, 19856; 







i and offspring (see almost anj 
Min Students also have difficulties 

that changing a population results from 
| saf ewindivduals that preferentially 















] їтїр ve; students’ блаа of 
таша selection ш, & Anderson, 1990), 





Мао ani high- -school students may have 
difficulties with-the various uses of the word 
adaptation” (Clough: & Robinson, 1985; Lucas, 1971; 
Brumby, 1973). In everyday usage, individuals adapt - 
` deliberately: tint the theory of natural selection, 
populations change or "adapt" over generations, 
inadvertently. Students of all ages often believe that 
adaptations result from some overall purpose or design, 
or they describe, adaptation as a conscious process-to 
E I ant, Elementàry- and middle-school ` ` 
= “students "also ten to confuse non-inherited adaptations `` 
acquired during an individual's lifetime with adaptive 
features that are inherited in a population (Kargbo.et al., 
1980). 
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9-12 
Evolution builds on what already exists, BE ü 
Modern ideas about evolution -> BE so the more variety there is, the more there 
provide a scientific explanation can be in the future. But evolution does not 
for the history of life on earth as necessitate long term progress in some set 
Chance alone can result in the depicted in the fossil record апа ------------- direction. Evolutionary change appears to 
persistence of some heritable In the similaritias evident within = be like the growth of a bush: Some'branches 
characteristics having no survival the diversity of existing survive from the beginning with little or no 
or reproductive advantage or organisms, 5F/7 change, many die out altogether, and others 
disadvantage for the organism. branch repeatedly, sort etimes giving rise 
Әб... to тоге complex organisms. 5F/9 
А tinuing operation of | 










"atüraiseléctlon on new ^ The basic idea of blological evolution BE 











from а 
CORRELATION characteristics and in changing Is that the earth's present-day 
environments, over and омет -«—————— —————— ——3» 9 
again for millions of years, has species developed from earlier, — , 
| | sion of distinctly differen* species. 5F/1 — 
When an environment, including produced a succession of diverse à 
other organisms that Inhabitit, — . —— --- new species. (ЅЕЛА, p. 69) 






clianges the survival value of 
inherited characteristics may 
-change. + 5F/6 













from CHANGES 
IN THE EARTH'S 
© Offspring of advantaged SURFACE 
Natural selection leads to Individuals, In turn, are more likely MP 
organisms well suited for survival .,  — ӘП others to'survive and ~Hefltableé characteristics... 
in particular environments. 57/6... Teproduce tha: Vadis the. Influence how likely an organism | New heritable characteristics can 
Proportion eon aava zsto'survive and repr. тое . 7 result from new combinations of 





“advantage aus characteristics will лера 
increase, ...5Ғ/3 






cu existing genes or from mutations of 
genes in reproductive cells, 5F/5... 




















^ 
1 
1 
1 
4 П 
1 П 
4 d i ’ 
i і i 
6-8 trom DESCE BING Н i Smail differences between parents 
) Ё ! ! and offspring сап ассит!\!аї^ 
: ! ! (through selective breeding) іп 
) ! successive generations so that 
i | descendants are very different 
Individual organisms with certain Yi 1“. * from their ancestors. 5F/1 
d traits are inore likely than others ' ! 
м to survive and have offspring, ! ' 
j Ц 1 
_ Changes in environmental 55/2... ! : 
conditions can affect the ! i 
` survival of individual ! i ‘ 
_ organisms and entire ! і 
species, ...5F/2 Н a 
А % to and from ОМА to and from В : 
i ^ mA үй мыры aii AND INHERITED VARIATION IN INHERITED 
/ with similar needs may compete CHARACTERISTICS CHARACTERISTICS 
with one another for resources, 
to and from D П 
CHANGES IN THE Including food, space, water, alr, ! 
^ EARTH'S SURFACE ` and shelter, In апу particular H 
П 





‘environment, the growth and ds 
survival of organisms depend on - 


physical conditions. ...5D/1 
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.„Регріе control some characteristics 
of plants and animals they 
ralse by selective breeding. 8/2... 
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4 
Changes in an organism's habitat 
are sometimes beneficial to it, 






LU i 
Some likenesses between children 





and sometimes harmful, 50/4 ; to and from 
and parents are Inherited. Other AGRICULTURAL 
‘likenesses are learned. 58/1 TECHNOLOGY 





` 
~ 
` 
` 


` Some plant varieties and animal 
breeds have more desirable 





\ 


For any particular environment, 





Individuals of the same kind 


some kinds of plants and animals” differ in their characteristics, and 

survive well, some survive less: : ~———> sometimes the differences give дане than Каш 
well, and some cannot $игуїче >” - individuals, an‘advantage in SAN Барақ БАЛ «си a 
at all. 50/1 | “surviving. and reproducing. SFI costly to grow. ВАЛ... . 











There is varlation among . Ofispring are very muhbuno ^ — _ еее те | ^ 
Different plants and animals have Individuals ofonekind -------------->- exactly, like their parents and like CHARACTERISTICS 
within a population. 5B/1 one another. 5B/2 ` . 


external features that help them 












_thrive.in different | kinds sor ее T 
ч 5 1542. to DNA AND 
SSH VR en RIS ~ INHERITED 
CHARACTERISTICS 
Living things are found almost x 
everywhere in the world. There , UT 2 2 
are somewhat different kinds = Some anintals.and plants аге... t 
in different places: SD/2 alike ih the way they look and M kinds of living things have ` 
р thin s they o; and others " _ ef spring. 68/1... 
changing environments variation and advantage inherited characteristics 4 artificial selection, p 





Tao-chi Among Peaks and Pines (Mt. Huang), са. 1701 
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As similar as we humans are in many ways to other species, we are 
unique among the earth’s life forms in our ability to use language and 
thought. Having evolved a large and complex brain. our species bas a 
Jacility to think, imagine, create, and learn from experience that far 
exceeds tbat of any otber species. We bave used tbis ability to create 
technologies and literary and artistic works on a vast scale, and to ` 
develop a scientific understanding of ourselves and the world. 

We are also unique in our profound curiosity about ourselves: How are 
we put together physically? How were we formed? How do we relate 
biologically to otber life forms and to our ancestors? How are we as 
individuals like or unlike other humans? How can we stay healthy? 
Much of the scientific endeavor focuses on sucb questions. 


SCIENCE FOR ALL AMERICANS 


СНАРТЕЕ б THE HUMAN ORGANISM 


CLUSTER: PHYSICAL HEALTH 


MAPS: DISEASE 
MAINTAINING GOOD HEALTH 


CLUSTER: MENTAL HEALTH 


MAPS: COPING WITH MENTAL DISTRESS 


DIAGNOSIS AND TREATMENT OF 
MENTAL DISORDERS 


Ды chapter includes two clusters of maps dealing with the interrelated subjects of physical. 


and mental health. Other topics within this chapter in Benchmarks will be mapned in the next 


edition of Atlas of Science Literacy that will enhance students’ understanding of the human 
ofganism. They include human identity, human development, basic functions of the human 
organism, and learning. In addition, many life-science topics about organisms in general are 
addressed in Science for All Americans and Benchmarks for Science Literacy in terms of the 
human organism. Consequently, many maps in this chapter both support and draw from 
Benchmarks Chapter 5: THE LIVING ENVIRONMENT. E | 


PHYSICAL HEALTH pp.86-89 


The two topics of maintaining health and 
understanding disease have been teased 
apart to provide maps of a readable size, but 
they are clearly interrelated. As stated in 
Benchmarks,“Human beings’ knowledge of . 
diseases has helped them understand how 
the healthy body works, just as knowing 
about normal body functioning helps to 
define and detect diseases.” Several bench- 
marks shared by both maps, all in elementary 
and middle school, indicate places in which 
ideas about health and ideas about disease 
explicitly overlap. A middle-school bench- 
mark that emphasizes the diversity of rele- 


'vant factors—sanitation, diet, medical care, 


е. 


genes, and environmental conditions— 


x 


-appears on both maps because it is impor- 


tant for understanding both disease and 
general health. 


MENTAL HEALTH pp.90-93 


Scientific views of mental health involve 


. : reactions to psychologically stressful situa- 


tions and internal psychological distur- 
bances,.The COPING WITH MENTAL DISTRESS 


“Map presents a progression of benchmarks 


about different reactions to stress апа differ- 
ent reactions to internal disturbances. The 
DIAGNOSIS AND TREATMENT OF MENTAL 


DISORDERS map focuses on recognizing and 


treating mental disturbances—from informal 
ways of dealing with personal problems to : 
professional and medical techniques. 


In the elementary grades, both maps build on 
benchmarks about differences among people 
and coping with change. They also share a 
strand of benchmarks on the relationship 
between physical and mental health and a 


- high-school benchmark on cultural differ- —— 
ences as to what “good mental health" means. 


-— 





86 


5 PHYSICAL HEALTH: 


$ cientific understanding of disease 1 
radically altering how long--and how. 
well—we live., Ideas about. illness аф. 
еаве depend on ‘the development. of:three: 





germs, the body’ 5 systems of defense. 
against. disease, and genetic health _prob- 
lems. The historical account of the discov- 
ery.of germs is obviously relevant to 
benchmarks about disease, and some 
benchmarks from the DISCOVERING 
GERMS section in Science for All 
Americans and Benchmarks Chapter 10: 


"HISTORICAL PERSPECTIVES appear in this 


map. There are also several related topics 
in Benchmarks that have not been 


‚ mapped in this edition of Atlas, including 


health technology, basic human functions, 
and human development. 







related strands of. benchmarks: ap A ni ril nore.sc 
_ tions- in each. strand. «The interesting 


genetics of white blood cells themselves is- 
not included in basic literacy.) 


Many of the important ideas that. students 
should understand about infection can be 
achieved before high school. The basic 
benchmarks about infection aré completed 
in 6-8 (though they are extended to bench- 
marks about allergies and immune-defi- 


‘ciency in 9-12). 


Genetic disease doesn’t enter into the map 
until 9-12 because ideas about heredity 


. should be well developed before these 


benchmarks are addressed. 


Several 9-12 benchmarks about the effects 
of mental distress, and allergic and autoim- 
mune diseases are important for an overall 
picture of physical health, but are not 
explicitly identified by the labeled strands. 
Ideas about the biochemical effects of 
mental distresses in particular provide a 
connection to the maps in the MENTAL 
HEALTH cluster. 


i a praia 4 


CLUSTER: PHYSICAL HEALT:I 


MAPS: DISEASE D 
MAINTAINING GOOD HEALTH MH 











RIED hna re 


bac ШЕ е mouth while eating - 






ce 


body. ШШ ет тош өшү illness i is. 











i ( кет in internal body state or 
се of: symptoms- is the consequence of illness 
Hergemrather, & Rabinowitz, 1991). 


9-12 


* Faulty genes can cause body 
parts or systems to work poorly. 
Some genetic diseases appear 

‚ only when an individual has 

` "inherited a certain faulty gene 

* «from both parents. бЕ/2 





6-8 


м. AND 'N'IERITED | 
. CHARACTERISTICS ^^7-... \ 


Some allergic reactions are caused 
by the body's inimune responses 

to usually harmless environmental 
substances; largi hi 4 























ck Som 
ACE SOn 
Als 2 


" "from DIAGNOSIS 
AND TREATMENT OF 
MENTAL DISORDERS 


` from VARIATION 
IN INHERITEO from COPING WITH 
CHARACTERISTICS MENTAL DISTRESS The immune system is designed 
20 protect agairst microscopic: 


Gene mutation in a cell can result 
in uncontrolled division; called" ^ ^. 
cancer. Exposure of cells to certain 
chemicals and radiation Increases 
mutations and thus the chance 


of cancer. 5С/6 


organisms and "orelgn substances 
_ that enter from outside the body 

“and against some cancer cells : 
that arise within. 6C/1 
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from DNA 


--. 


The length and quality of human МН 
life are influenced by many 
factors, including sanitation, diet, 
medical care, sex, genes, 
environmental conditions, and ` 
personal health behaviors. ...6B/5 


In organisms that have two sexes, 
typically half of the genes come 
from each parent. ...58/1 
or produce antibodies that attack 
them or mark them for killing by 
other white cells. The antibodies 


produced will remain and сап  . .. 


fight off subsequent Invaders of 
the same kind. 6E/4 





from CELLS 
AND ORGANS 


from CELL 
FUNCTIONS 


ы some blood cells, and 


Skin protects the мы from: 







bodies from the environment can 
hurt them. 6E/2 


Some things people take into their MU censure eme pee eT eee 


the body's 
defenses 


genetic 
problems 


White blood cells engulf Invaders. 







ист е If germs are able to get Inside 
one's body, they пау keep it from 
working properly. 6E/3... *- 


stomach secretions. ...GE/3.... 


PHYSICAL HEALTH: DISEASE р. 





“destroy real Cells of the immune 
system, leaving the body unable to 
deal with multiple infection agents 
and cancerous cells, 6Е/4 


T e Viruses, bacteria, (ипо, and parasites 
may infect the human body and interfere 


> with normal body functions, A person 
сап catch a cold many times because 
there are many varieties of cold viruses 
that cause similar symptoms. 6Е/З 


Vacclnes induce the body to 
build Immunity to a disease 
without actually causing the 





disease itself. ...101/3 
e 
Specific kinds of germs 
cause specific 
diseases; ...101/2 
Жайы SN 
There are many diseases that > hire are some diseases 
can be prevented by that human beings can 
catch.only once, 6Е/4,.. 


vaccination, so that people 
don't catch them even once. 


.6E/4. 


MH 






N 


Most microorganisms 
do not cause disease, 
and many are 

beneficial. 50/5 









“biseases caused by germs may be’ MR 
spread by people, who have them. : ; 
ОП à gaps. 









“or that can be ра че onto other. 


"infection 
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“MAINTAINING GOOD HEALTH mars оша 


MAINTAINING GOOD HEALTH MH 
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Тһе 68 benchmark “The length and quali-. 
ses o tgof human life...” ‘brings: together all the 
functions, and our ‘behavior ake be enc h- Eu strands of development in | this map, sum- 














marks in.this raap are organized. іп. three | marizing. the’ factors:that: affect health. It 
strands: diet and exercise, toxic substances: . - also appears in. the. DISEASE map, where it 
Gncluding some harmful substances in the has several:other- connections. 
environment), and conditions that are | MEE | 
important for health. : The 6-8 benchmark about sanitation meas- 
Micldle-school benchmarks about main- ures is directly related to preventing dis- 
taining good health aré extended in high - eases caused by microorganisms and is a af a 
. school to include a basic sense of the supported by a sequence of benchmarks ] "abo beyond tel persone contro (B: mby et al; 1985; Ж 
| effects of advances in health technology. that also appears in the DISEASE map. ‘Merkle: & Treagust, 1987). After instruction, middle- 
| The related topic that explores further = hool stu udents appear to Pava atarata knowledge 
s . details of health technology will be For the benchmarks in the dlet and exer- ЮЕ 
' mapped in the next edition of Atlas. clse strand, some scientific understanding 


zm of food is helpful, as indicated by connec- ` 
tions to the FLOW OF MATTER IN ECO- 
SYSTEMS and the FLOW OF ENERGY IN 
ECOSYSTEMS maps (in Chapter 5). 


The 9-12 benchmark “Some drugs 

T mimic...” is relevant to the dangers of tak-. 
ing in toxic substances, including medical- 
ly prescribed drugs. Some previous knowl- 
edge of ideas about the nervous system—a 
topic that will be mapped in the next edi- 
tion of Atlas—can enhance students’ 
understanding of this benchmark. 
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The real reason dinosaurs became extinct 
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‘PHYSICAL HEALTH: MAINTAINING GOOD HEALTH МН 


9-12 


` 


New medical techniques, efficient 
health care delivery systems, improved 
sanitation, and a fuller understanding 
of the nature of disease give today's 
humans a better chance of staying 
healthy than their forebears had. 


E Conditions now are very different from 
the conditions In which the specles 







Some drugs mimic or block the ` 
ёайеб1пу 





zmolé 

zne hora-one.s nals àn evolved, But some of the differences 

егете: Касае ‘may fiot bé 9004 for human health. 6E/3 
Керр ef the brain and bod. 





6-8 from CELLS 
ANO ORGANS 











medical Care, sex, genes, 
environmental conditions, and 
_ Personal health behaviors. .. .6B/5 


from DNA 
ANO INHERITED 
CHARACTERISTICS 


Toxic substances, some dietary Uu The environment may contain 
“апа some personal behavlor may:be:b di -dahgerous levels of substances . 
for one’s health: Somé’effects show’ s ; "that afe hármfül.to human’ - 
aie away, others Med later. Ass :“------------>- beings. Therefore, the good health 
dab E Sofindividuals requires: monitoring 
..the soll, „air, and water and taking 
"steps to make them Safe: 6E/5 





ee 








Regular exercise is important ve 


to maintain a healthy heart/lung 
. system, good muscle tone, and 


“опе strength. ...6E/1 NEN ; 
қ ath The amount of food energy — e а 


(calories) a person requires vàrles - 
with body weight, age, sex, | 
activity level, and natural body . 
efficiency, 6E/1... 
















Sanitation measures such as the . 
use of sewers, landfills, 
* quarantines, and safe fond 
handling are important in 
Controlling the spread of organisms 
that cause :lisease. 8F/1... 


dea 8 iit Me “GEN 
РА 







to and from FLOW 
OF MATTER IN 
ECOSYSTEMS 





















AE aod th ts E Vitamins and minerals, present" Moeata, ОНЕР a ad. Я 

people grow ир, the amoun x i iL foods c certain peso Hu the environment If germs are able to get inside D 
sand kinds of food arid exercise . MEM n small amounts i foods ai pe rea harm human one's body, they may keep it from 
мн the ody may change. . ~e Food provides’ energy and” ^^— ---- essential to kéep ene a! ha working тороду. БЕЗ. d 
















materials. for growth and repair of. _ working well, ...6E/1..;. ". 
мении Ends " , 


to and from FLOW 
OF ENERGY IN 
ECOSYSTEMS 















z K2 


Diseases caused by germs maybe D 
spread by people who have them, 
Washing one's hands with soap : 

.. . and water reducts the number of 

_ Germs that can get Into the body 
“or-that m be x oe on to al : 
people. 2. A ; 





a 








diet and harmful | 
exercise substances -= for health 
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MENTAL HEALTH: 





COPING WITH MENTAL DISTRESS 


. Нш reactions to entat distress а are 
complicated: Each individual has different 
‘experiences, susceptibility to stress, and 


ways of dealing-with problems. "This- map. 
inchides benchmarks. that. develop ideas 


about the’ relationship between physical. 


and mental health, differerices in how peo- 
ple. deal with stress (and: emotional distur- 
bances that may arise.from that stress), and 
differences in how: they’ judge what Беһау- 
ior is acceptable. 
Students’ understanding of the factors 
that shape behavior under normal condi- 


_tions contribute to their achieving bench- 
marks about behavior that results from 


abnormal conditions. Several connections 
to the HEREDITY AND EXPERIENCE SHAPE 
BEHAVIOR and CULTURE AFFECTS BEHAVIOR 
maps (in Chapter 7) are explicitly indicat- 
ed, but educators involved in developing 
curriculum and instruction could exploit 
this relationship further. 


and from one time period to another. 


SCIENCE FOR ALL AMERICANS 


NOTES 

Though perhaps not.immediately clear in 
this map, a distinction needs to be made 
between coping with stressful situations 
and coping with the psychological -distur- 


bances that can result from stress. 


The different standards strand is included 
in this map because the different ways in 
which people cope with stress and emo- 
tions—and how people react to another's 
emotional disturbance—is connected to 
social and cultural norms and expecta- 
tions. The 9-12 benchmark in this strand 
also appears on the DIAGNOSIS AND 
TREATMENT OF MENTAL DISORDERS map. 


The 9-12 benchmark “Stresses are especial- 
ly difficult for children...” suggests a rela- 


tionship between the. benchmarks present- - 


ed here and the topic of human develop- 
ment, which will be mapped in the next 
edition of Atlas. 


Good mental health involves the interaction of psychological, 

biological, physiological, social, and cultural systems, It is \ 
generally regarded as the ability to cope with the ordinary 

circumstances people encounter in their personal, 

professional, and social lives. Ideas-about what constitutes 

good mental health vary, however, from one culture to another 


CLUSTER: MENTAL HEALTH 


4 


MAPS: COPING WITH MENTAL DISTRESS CD 


DIAGNOSIS AND TREATMENT OF 
MENTAL DISORDERS DM 


No relevant research available in Benchmarks 


9-12 


- Psychological distress may also ОМ 
affect an individual's 
vulnerablility to biological 
disease, (SFAA, p. 84) 








to and from 
DISEASE 


MENTAL HEALTH: 











. Physical health can affect people's DM 
emotional well-being. Likewise, 
` ._ emotional well-being can affect 
physical health. 6F/3 


mind/body 


" to INFLUENCES ON 







SOCIAL CHANGE. 


Changes happen in everyone's 
life, sometimes suddenly, more 
often slowly. People cannot 
control some changes, but they 
can usually learn to cope with 

2 them. 7С/1 


to CULTURE ` 
AFFECTS -- 
BEHAVIOR `` 


different responses 






COPING WITH MENTAL DISTRESS CD 


Reactions of other people to an Я з 
Ideas about what constitutes. ОМ 


КЕРСЕТЕ individual's emotional 
HEREDITY AND Stresses are especially difficult disturbance may Increase its 3i good mental health and proper 
EXPERIENCE SHAPE 77777777: for children to deal with and may effects, 6F/3: ` treatment for abnormal mental 
BEHAVIOR have long-lasting effects: 6F/1, =.» ` states vary from-one culture io 
аы | another and from one time period 
Human beings differ greatly in -77” to another, 6F/5 
how they cope with emotions 
and may therefore puzzle one 
Í another. 6F/4 
Biological abnormalities, suchas ОМ 
brain injuries or chemical perne скы 
— —- imbalances, can cause or increase 
susceptability to psychological 
disturbances. 6F/2 
Individuals differ greatly In their - 
abili : 
ше opa wib Saen Although within any soclety there 1, 
internal conditions (chemistry, usually broad general'agreement on 
. personal history, values) Influence ‘what behavior is unacceptable, the 
how people behave. 6F/1 standards used to Judge behavior vary · 
1 for different settings and iubgroups, 
/ at and they may change with time and 
E. D different political and economic 
/ * conditions, 74/3... 
^ : ; 
Interactions among the senses, ОМ / i 
nerves, and brain make possible . to and from | 
Бөтелке сая E AEN T€ 
е лата cole es 
à 28 BEHAVIOR 
Often human beings don't DM 
understand why others act the % 


way they do, and sometimes they 


Different individuals handle their А ИРЕ ЗЕБИ 4 
feelings differently, and can have ton tunderstand thelown 


different feelings in ез зате’: 
situation, 6F/1 | 


behavior and feelings. 6F/2 





_People.react to personal problems DM Қар V 
ШК entWays. Some waysare" ` : 
БЕГИШ, ; 


nuts 

` Чо HEREDITY AND 

‚ EXPERIENCE SHAPE 
BEHAVIOR ; 





different standards - 





һе diagnosis and treatment of mental- 
оғ dealing with: ‘problems—including con- 


disorders can be as much a matter of: рок 
losophy as ‘of science, but-they.. includé : 
substantial and important scientific соп: . 
ponents. In dealing with psychological: dis- ` 
turbances, we employ a variety ‘of, 
approachés—conversation,. mental.and. . 


psychological testing, ; and even medication 


and festraint. 

For students to develop an awareness of 
the difficulties in diagnosing and treating 
mental disturbances, they need to first 


achieve benchmarks about differences in 


people's reactions, the patient's own 
awareness of the problem or its source, 
and the expectations in different cultures 


.for what is "normal" behavior. Benchmarks 


about treatments for mental disorders 
relate closely to the topics of health tech- 
nology апа the basic functions of the 
human body. Both of these topics will be 
mapped in the next edition of Atlas. | 





NOTES 2: 


Early | benchmarks: бешіо оп informal ways 


versation and ау iding stressful situa- 


_tiohs—that are. m e likely to have signifi- 


cance for young students. In high school, 
ideas about professional treatment of more 
serious psychological disturbances are 
added. | 


“Disorders” are to some extent a matter of 
definition. The differences among cultures 
in judging behavior—which clearly affects 
diagnosis and treatment of disorders—is 


` addressed in the 9-12 benchmark “Ideas 
about what constitutes..." This benchmark 


is supported further in the COPING WITH 
MENTAL DISTRESS map. 


The role of unconscious thoughts and. 
feelings may be difficult for students to 
grasp, though it is a common experience 
that some thought processes in daily life 
go “unnoticed.” As pointed out in Science 


| for All Americans, “When we remember 


someone's name, for example, the name 
just seems to come to us—the conscious 
mind has no idea of what the search 
process was." 


CLUSTER: MENTAL HEALTH 


MAPS: COPING WITH MENTAL DISTRESS CD ` 


.DIAGNOSIS AND TREATMENT OF 
MENTAL DISORDERS ОМ. 


No relevant research available in Benchmarks 


MENTAL HEALTH: 


9-12 





Biological abnormalities, such as CD 

АТИК distress may affect CD brain injurles or chemical >; 

an individual's vulnerability to: :---------->- imbalances, can:caüse'or increase’: 

- blological bud (SFAA, p. 84.- susceptabillty to psychological : 
disturbances. 6F/2 . 







to and from 
DISEASE 






Physical health can affect people's: CD 
emotional well-being. Likewise; 2°: 


emotional well-being can affect ^ 
physical health. 6F/3 


Pv 


K-2 


to INFLUENCES ON 
SOCIAL CHANGE === 


_ mind/body 


Gbbseivatlonotibehavlor: 
chemistry, Treatments range from 
^ Қыр o affecting t 1и п mue 0702 -Idèas about what constitutes CD 
E. fit Е i “9004 mental health and proper 


DIAGNOSIS AND TREATMENT OF MENTAL DISORDERS DM 








‘treatment for abnormal mental 

К states vary from one culture to 
another and from one time perlod 
to meee! 6Ғ/5 


According to some theorles of . 
mental disturbance, anger, fear, 
or depression may result from 
exceptionally upsetting thoughts 






or memorles that are blocked 
from becoming conscious. 
_(SFAA, р. 83). 
. With help people can sometimes 
шоли the reasons for thelr 
fee eellngs, -..6F(2. i 24 
People тау react to mental 
æ ~ distress by denying they have 
> апу problems. 6F/2... 
‚ Often human beings: don't - CD 
" understand why others act the 
way they do, and sometimes they 
don't understand their own р 
behavior and feelings. 6F/2 


to CULTURE \ — to HEREDITY AND 


АҒҒЕСТ5 ~ EXPERIENCE SHAPE 
BEHAVIOR - BEF.AVIOR 
1 5 ^ 
ср ч “ 
x "i 


o People are. alike in many ways - . CD 
and different hi ше; Ways; 7A/1 . 


self-awareness ` 


getting help 3» 








George Catlin А Little Sioux Village, 1861/1869 


As а species, we are social beings who live out our lives in the company of other 
bumans. We organize ourselves into various kinds of social groupings, such as 
nomadic bands, villages, cities, and countries, in which we work, trade, play, 
reproduce, and interact in many other ways. Unlike other spectes, we combine 
socialization with deliberate changes in social behavior and organization over 
time. Consequently, tbe patterns of buman society differ from place to place and ` 
era to era and across cultures, making the social world a very complex and 
dynamic environment. 


Insight into human behavior comes from many sources. The views presented here 
are based principally on scientific investigation, but it should also be recognized 
that literature, drama, history, philosophy, and other nonscientific disciplines 
contribute significantly to our understanding of ourselves. Social scientists study 
human behavior from a variety of cultural, political, economic, and psychological 
perspectives, using both qualitative and quantitative approaches. They look for 
consistent patterns of individual and social behavior and Jor scientific 
explanations of those patterns. In some cases, such patterns may seem obvious 
once they are pointed out, although they may not bave been part of how most 

. people consciously tbougbt about tbe world. In other cases, tbe patterns—as 
revealed by scientific investigation—may show people thet ‘heir long-beld beliefs 
about certain aspects of buman bebavior are íncorrect. ` 
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СНАРТЕР 7 HUMAN SOCIETY 


CLUSTER: BEHAVIOR 


MAPS: HEREDITY AND EXPERIENCE 
SHAPE BEHAVIOR 


CULTURE AFFECTS BEHAVIOR 


CLUSTER: SOCIAL CHANGE 


MAPS: ' INFLUENCES ON SOCIAL CHANGE 
‘SOCIAL DECISIONS 


d maps included in this chapter explore the behavior of individuals and changes in soci- 
eties. These maps draw from and contribute extensively to other topics within the correspon- 
ding chapter in Bencbmarks for Science Literacy. 'Topics that will augment students' under- 
standing of потап society and will be mapped in the next edition of Atlas of Science Literacy 
include group behavior, social trade-offs, political and economic systems; social conflict, and 


global interdependence. 


BEHAVIOR pp. 96-99 


Heredity, petsonal experiences, learning, and 
culture all interact to influence the behavior 
of individuals. The HEREDITY AND EXPERIENCE 
SHAPE BEHAVIOR map focuses on the interac- 
tion between an individual's heredity and 
personal experience—the "nature/nurture" 
question. Personal experiences are, of 
course, strongly influenced by culture, which 
is treated separately in the CULTURE AFFECTS 
BEHAVIOR map. А shared strand of bench- 
marks about how humans learn from one 
another provides an explicit connection 
between these two maps. Furthermore, the 
bigh-school benchmark at the top of the 
HEREDITY AND EXPERIENCE SHAPE BEHAVIOR 


map brings together all these ideas about 


heredity, experience, culture, and the com- 


plex interactions among them. 


SociAL CHANGE pp. 100-105 


Socia! decisions influence social change, but 
in this cluster explicit decision-making is 
teased out into a separate map as a particu- 
larly important and complex topic. The close 
relationship between these two maps is evi- 


. dent in a shared strand of benchmarks about 


rules and: government—government plays а 
critical role in the decision-making process 
and is likely to encourage or discourage 
social change. Also shared by both maps is а 
high-school benchmark that combines ideas 
about socia] change and important facets of: 
social decisions. | 


95 


96 








| SHAPE: BEHAVIOR 


the interaction of, both experience: and. 
inherited traits, students need: to have. 


knowledge of human. society, the ‘Homan 
organism, and general ideas about heredity... - 


Four strands. of benchmarks—about learn- 
ing from experience, learning from others: 
in particuzar, beliefs and biases, and the 
behavioral effects of heredity—converge in 
this map to build an understanding of how. 
these factors interact. Human behavior 
relates intimately to benchmarks about 
learning, which are included here when 


‘they contribute to understanding behavior. 


How humans learn, as a topic of its own, 


will be mapped in the next edition of Allas. 


HER :DITY AND EXPERIENCE 


| : Ж NOTES . "m "NT 
T. understand. that behavior arises. from’ 73 Several liés of f development ¢ converge in 


the 6-8: benchmark “АЦ behavior і is affect- 


ей.” This. benchmar exténded toa 





more. sophisticated y version, in 9-12, where 
"thé interaction between heredity and 


experience and their relative importance 


are brought into question. “Interaction,” a 


sophisticeted idea, means that the com- 
bined effect is not just the sum of its com- 
ponents, but that the influence of any one 
component may be different, depending 
on the others. 


Students' understanding of the material 
covered by the benchmarks in this map 
requires some general understanding of- 
heredity, as included in the effecte of 
heredity strand. Further support for stu- 
dents’ understanding of the mechanism of 
inheritance can be found in the DNA AND . 
INHERITED CHARACTERISTICS and VARIATION 
IN INHERITED CHARACTERISTICS maps (in 
Chapter 5), as indicated by the dotted-line 
connections to those maps. | 


The effects of heredity strand includes 
benchmarks that depend on students hav- 
ing an understanding of the human organ- 
ism; among them are benchmarks about 
human development and the ways in 
which humans are unique among living 
things. Both of these topics will be 
mapped in the next edition Of Atlas. 


Differences іп the behavior of individuals arise partly from 
inherited predispositions and partly from differences in their 
experiences. There is continuing scientific study of the 
relative roles of inheritance and learning, but it is already 


clear that behavior results from the interaction of those roles, 


not just the simple sum of the two. 
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„CLUSTER: BEHAVIOR 


MAPS: HEREDITY AND EXPERIENCE 
SHAPE BEHAVIOR HB 


CULTURE AFFECTS BEHAVIOR CB 


No relevant research available in Bencbmarks 


BEHAVIOR: HEREDITY AND EXPERIENCE SHAPE BEHAVIOR HE 


9-12 





toandfrom ' . individuals arise from the 2 


ET AVOIDING BIAS ------------------------- interaction of heredity, culture, and $ 
ІН SCIENCE ` experlerice—the affect of each : ta arig from DNA 
4 Ж E 
і "depends on the other. 6D/1...; 7A/4 CHARACTERISTICS 


4 
ГА 
Мр 
4 


4 
га 
! 
The expectations, moods, and 
prior experiences of human 
































рей can affect w they- Even instinctive behavior may not 
Бағын аа азва By biochemical ог develop well if the individual Is ° 
leas. People tend to ignore . anatomical means, exposed to abnormal conditions. 
evidence that challenges thelr heritable characteristics 60/1 
beliefs and to accept evidence д may influence behavior. ч 1 
that supports them. 60/2... _(SFAA,p.69) — f ^ 
` 4 А: 
dme mAb e онла ч. 
6-8 / y і 
Е to and from 
wastes DEAS coi ит 
to and from COPING WITH А MENTAL DISTRESS 
INTERACTION OF MENTALDISTRESS ENTAL PISORRERS 
<. зу TECHNOLOGY й x 
` AND SOCIETY “. 3 
| ы y № | 
` Both external and internal ын 5 Е by both 
1 | conditions (chemistry, personal s n аы апе experience, 
Technology, espécially in transportation СВ history, values) influence how ie 
. and communication, is increasingly  _—» people behave. ...6F/1 Е Е 
` |mportant In spreading ideas, values, & 
;. and behavior pattems within a soclety 
and among different societies, New 
` technology can change cultural values: What people expect to observe 
, and social behavior, 7A/4 often affects what they actually ` 
5 l „о observe. 18/3... . Some animal specles аге limited 
/ РА ` Е to а repertolre of genetically 
4 / determined behaviors; others have 
! / 2 more complex brains and can 
from to and from / E learn and modify a wide variety 
COMMUNICATION INFLUENCES ON “ of behaviors, 60/1..: 
TECHNOLOGY SOCIAL CHANGE / А 
"d 
to and from X 
AVOIDING BiAS 
IN SCIENCE 
~ 
N 
N $ Unlike in humar:-beings, behavior 
to and from ivo LE Learning.means using what one in Insects and many other species 
EVIDENCE AND _______ Reasoning can be distorted by г already knows: to make sense out is determined almost entirely by 
REASONING IN strong feelings. 9E/2 =z « 30! eri i biological inheritance. 6A/1 


. Some likenesses between children 


People can learn abcut others and parents аге Inherited. Other 




















“бот. direct experience, from the -Human beings can use the Сен санан likenesses are learned. 58/1 
ітейіз; and from listening to ¡Human beings tendo repeat СВ menory of thelr past experlances uh 

п ther neople talk about their to and from “Behaviors that feel ‘good or have Men o make Judgments’ about new i 

work and-thelr lives, People also SOCIAL --:--.. pleasant consequences and avoid situations, 60/2 : 


imet nate people—or . DECISIONS behaviors rs.that bad of h have x 
scharacters—in the media. 7A/1 - Giunpleasant cond silences! Road? 







Хо and from DNA 
- AND INHERITED ` 


to DIAGNOSIS АМО 
TREATMENT OF MENTAL 





DISORDERS CHARACTERISTICS 

Реоріе сап learn from-each other CB 

"by telling and listening, showing І Е s 

and watching, and imitating what m; to COPING WITH 

` others do. 6D/3- ; MENTAL DISTRESS Е 
Wt 
learning beliefs learning з, „effects 
from others . and biases from experience -- 0f heredity | d» 


4 


98 





BEHAVIOR: 





. CULTURE AFFECTS BEHAVIOR ik 


daa in this map 2 about how! culture - 9 
shapes individual behavior. develop along 
four intérrelated strands of benchmarks : 
about groups апа subcultures, cultural : 
influences, learning:from others, and 


rewards and punishinent.- How associations’ — 


with gror. ps ог subcultures- -can affect an 
individual’ 5 behavior і is an important part 
ог this map, but this map does not cover 
“how groups themselves behave, a topic 
which will be mapped in the next edition 
of Atlas. 


“Тһе K2 benchmark: “pe ople ‘are alike in 
many ways...” " contribute: ; to: several of the 
Strands’ on this тар anc ‘does not belong 





» also contributes to several of the strands 


BEHAVIOR map, and appears in the MENTAL 


CLUSTER: BEHAVIOR 


HEREDITY AND EXPERIENCE 
SHAPE BEHAVIOR HB 


CULTURE AFFECTS BEHAVIOR СВ 


NOTES 








ќо апу: опе ‘strand: This: ‘same "benchmark 
on the HEREDITY AND EXPERIENCE SHAPE 
HEALTH cluster (in Chapter 6). 


The 3-5 benchmark "Human beings tend to 
repeat..." also plays an important role in 
the HEREDITY AND EXPERIENCE SHAPE 
BEHAVIOR map, where it is part of a strand 
on how beliefs, biases, and expectations 
affect perception. 


In the cultural influences strand, the 3-5 
benchmark "Each culture has distinct pat- 
terns..." and the 6-8 benchmark "What is 
considered to be acceptable behavior...’ 
are in reverse order compared to their 
grade-level placement in Benchmarks. 
This change was made on the grounds that 
the idea that cultures have distinctive pat- 
terns of behavior should precede ideas 
about variations in those patterns over 
time and. the existence of some invariant 
components. 


iological To (Shelmit, 1984), 
B e | 





у кл steriotypes when they оаа 
теу тау. simply be thinking typically for young children 

sotrying:toimake: sense out of their. limited experience with 
other roups ыы 1986). Researcn indicates that 





9-12 





Within a large society, there may E а 


Бе many groups, with distinctly 
different subcultures associated 
with region, ethnic origin, or 

` social class, 7A/2 


к? 


„People belong to some groups by 
“birth and belong to some groups 


because they join them. 78/1 


groups and subcultures 






BEHAVIOR: 


“Cultural Beliefs strongly Influence 
“the values ‘and behavior of the 
people Who grow up In the 
Culture; often without thelr being 
fully aware of It. Responses to 
these Influences varles among .. 
КОШЕ ТАЙ: i 


Social distinctions are part of 
every culture, but take many 
different forms ... Differences іп 


speech, dress, behavior, or 
physical features are often taken 
by people to be signs of social 
dass. 7А/3... 


3 to and from 
INFLUENCES ON 
SOCIAL CHANGE 





~~~. Although within any society there is 
usually broad general agreement on 
what behavior Is unacceptable, the 
standards used to Judge behavior vary 
for different settings and subgroups, 
and may change with time and 
different political and economic 
conditions. 7A/3... 


What is considered to be accept- 
able behavior varies from culture 
to culture ап їгот one time 
period to another, but there are 
some behaviors that are 
unacceptable in almost all 
cultures, past and present. 7A/2 
Ro 5 | IN BENCHMARKS) 


i 


Й 
7 
Й 


Бо 


to апа from 
COPING WITH 
MENTAL DISTRESS 





Each culture has distinct patterns 
of behavior, usually practiced by 
most of the people who grow up 
In It, 7A/1 (6-8 IN BENCHMARKS) 


-The:way-peopléiact Is. often. Different familles or, schools have :: 
‘Influenced by the groups tó which e __ different nilés and patterns for ^ - 


they жеді 78/2. behavior. Some behaviors are not 


People tend to live in families and 
communities in which individuals ` 


pm have different roles. 6A/3 


cultural influences 


ныны 













Technology, especially іп 


-learhing-from others : 


CULTURE AFFECTS BEHAVIOR CB 


The ways that soclal behavior is 
rewarded or punished depend 
partly on beliefs about the 
purposes and effectiveness of such 
reward and punishment. 7A/2... 


| 





Rewards and punishments vary 
widely among, and even within, 
different societies. ...7A/3 


to and from 
INL LUE FIC E OM. 


SOCIALCHANGL to and from 


:NTERACTION OF 
TECHNOLOGY 
' AND SOCIETY 





HB 
transportation and communication, 
is Increasingly important in 
spreading ideas, values, and 
behavlor patterns within a society 
and among different societies. New 
technology can "change cultural 
values and social behavior. 7А/4 


to and from 
COMMU, ALON 
UCHNOLOGY 













People can learn about others HB І 
from direct experience, from the Human beings tend toreneat НВ 
media, and from listening to other behaviors that feel good or have 
people talk about thelr work and pleasant consequences and avoid 
their lives. People also sometimes -behaviors that feel bad or have 
imitate people—or characters— unpleasant consequences. 60/4 
in the media. 7A/1 x 
to an. from 
SOCIAL 
DI ISIONS 
to DIAGNOSIS AND , 
TREATMENT OF 
MENTAL DISORDERS 
М (COR ун 
26 MENTAL DISTRESS 


НВ 
7 andere In maty ways. 7A/1 





“reward and punishment 
299 


SOCIAL CHANGE: 


) 


Sous structures and coh edon сап” 
change as a result of external forces (сөлі. 
munication with other cultures, migration, 
or conquest).or-forces from within (ће: ` 
society (changing populations, values, or 


governments). The labeled. strands for this - = 


map sort benchmarks about the influences 
on social ‘change into three overlapping 
strands about rules and government, inter- 
nal fnfluences оп “change, and external 
influences on change. АП of, these factors 
interact with one another in complex 
ways. Furthermore, population and popu- 
dation growth are important factors in 
social conditions and.change—both shap- 
ing them and responding to them—and 
also relate to the effects of technology on 
> society (health and agricultural technolo- 
gies in particular). 


INFLUENCES ON SOCIAL CHANGE 


NOTES . 
The distinction betwéen internal and 


І external influences on:social change is not 


made clear until'6-8. In-K-2.and 3-5, the 
benchmarks relevant t cial changes in 





| general. ate. positioned’ ibetween che two 
labeled: strands" about the influences on 


social. change: to indicate that they con- 


tribute to both lines of development. 


Both strands about the influences оп: 
social change begin, in K-2, with changes 


An social arrangements that are close to stu- 


dents' experience: family, school, church, 
community, and so forth. In 6-8 and 9-12, 
benchmarks about technological changes 
and population growth are included to 
provide a wider perspective on influences 
on social change. 


Ideas about global interdependence (to be 
mapped in the next edition of Atlas) have 
a clear relationship to the external influ- 
ences on change strand, and are relevant to 
students understanding the ideas in the 
benchmarks about population and govern- 
ment. Sirnilarly, the topic of political and 
economic systems is touched on іп the 
rules and government strand, but will also 
be mapped in the next edition of А аз. 
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CLUSTER: SOCIAL CHANGE 


MAPS; 


INFLUENCES ON SOCIAL CHANGE ІС 
SOCIAL DECISIONS SD 





ded down. от on high" (Moore et al. 1985). 





SOCIAL CHANGE: 
























9-12 
Pédtetul’eHorts at social change afe ^ SD , 
most success"ul when the affected 
 peoplea arein: luded in.the:planning;; == 
БЕДИП ОПП ү б ҮАПАБЕНТОа 
р “To. varlous degrees, government 
‘fry to bring about soclal‘cha 
$ or impede it through 
= laws, |ricentives;'or dif ye Be dien 
À aie hange, or the prospect 
ella а ii Di CN ^t It promotes conflict because 
and sometimes they do not. 7С/4 Шана ee social, economic, and political 
ey д 3 changes. usually benefit some 
"groups more than others. That, 
of course, 15 also true of the 
status quo. ...7F/1 
The size and rate of growth of. Ше... 
human population п 
affected by'economic;pollt! | 
technological and environmental : 
factors. Some of these’ factors; ішті, > 
are influenced by:the.size and rate of + 
growth of the population; 701: 


68 


However they are formed, 
governments usually have most of 
the power to make, Interpret, and 
enforce the rules and decisions 
that determine how a community, 
state, or nation will be гип, 7Е/З... 





Technologies having to do with 
food production, sanitation, and 


disease prevention have to and from 
cramatically changed how people. _____._..._../-..- INTERAGTION:OF. 
TECHNOLOGY AND 
live and work and have resulted SOCIETY, 
in rapid increases in the-human’:. :: EN 
population. 6A/6 ^ 
4 i 
у ' 
. + 
from trom 
MAINTAINING AGRICULTURAL 
GOOD HEALTH TECHNOLOGY 


SD 


Some aspects of family and 
community life are the same now 
as a generation ago, but some 


aspects:are very differant: What Is 
taught In school and school . % 
policies have been changed over * 
the years Їп response to family... 


and community pressures, A... 





Rules and laws can sometimes be 


. changed by getting most of the 


people they affect to agree to 


One person's exercise of freedom 50. 
may conflict with the freedom of 
others. Rules can help to resolve 
conflicting freedoms. 7F/3 


rou 


rules and 
government 





“change them. 76/2 


Although rules at home, school, 
d'in the community 






ge. Changes In social 
-arrangements happen because 
“some rls бо not work, new 
Қ реор le Ал, 
a 


БАШ 






сае 





internal Influences 
on change 


ostly the same,.sometimes 


B. Reden 








INFLUENCES ON SOCIAL CHANGE IC 


Mass media, migration, and. conquest 

хаНесі social change by exposing one 
cultüre to another, Extensive . 
borrowing among cultures has led to 
the virtual disappearance of some 
cultures but only modest changes In 
others, 7С/3 


By the way they depict the ideas 
and customs of one culture, ` 
communications media may 
stimulate changes In others, 7С/2 


Е Migration, conquest, and natural 
E disasters have been major factors 
` ds In causing social and cultural 
to and from 
COMMUNICATION ` ` change, 7C/3 
` TECHNOLOGY 
е SD E, 
4 
ү, n 
to DIAGNOSIS AND, 
TREATMENT OF `:. 


MENTAL DISORDERS >. & 





to COPING WITH. > 
* MENTAL DISTRESS 





| г багтай influences 


“оп change сее 
10 
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Socr, L CHANGE: 


SOCIAL DECISIONS 








vod 
АНЕ 


9 ocial decision-making: is: 4. d/complex 
endeavor. The. major question in consider- 
ing social decisions is: Who benefits and. 
who bears the ` cost òf a proposed deci- 
sion? For students; to understand the com- 
plexities of social decisions. they need to 
first att: ain benchmarks about the difficulty 
of predicting consequences of decisions, 
and the importance of considering the - 


_costs and benefits associated with alterna- 


tive courses of action. A further subtlety is 
that diverse personal interests—and 
diverse collective interests represented in 


the rules that guide society—affect the 


decision-making process. 

There is а close relationship between 
benchmarks about social decisions іп gen- 
eral and the benchmarks in the DECISIONS 


ABOUT USING TECHNOLOGY map in Chapter . 


3: THE NATURE OF TECHNOLOGY. 
Although decisions specific to technolo- 
gies аге mapped as а separate topic, the : 
issues specific to technology and those rel- 
evant to social decisions more generally 
are mutually supportive. 


FRANK AND ERNEST “ру Bob Thaves 





NOTES. 





The-9-12 benchmark “In: е ding among 
alternatives... fy about benefit and costs is 
relevant. to all: four of the labeled strands, 


and leads.to: ideas about the difficulties in 
"assessing: ‘costs. and benefits due to indirect 
or unexpected: effects, the lack of any com- 


mon measure for different forms of good, 
and differing interests and value judgments 
within a society. 


A benchmark in K-2,“Sometimes people 
aren’t sure...,” supports the development 
of the idea е consequences of decisions 
are often difficult to predict. It also pro- 
vides a starting point for the CORRELATION | 
and the AVERAGES AND COMPARISONS maps 
(in Chapter 9). Ideas about statistics also 
connect to the 9-12 benchmarks in this 
map about the difficulty of estimating 
costs and benefits of proposed decisions. 


QUESTION a) 
AUTHORITY, © 


BUT RAISE 
ee HAND 
Аы 


Omya TUNES 6-16 


CLUSTER: SOCIAL CHANGE ' 


MAPS: | INFLUENCES ON SOCIAL CHANGE IC . 
SOCIAL DECISIONS SD 


No relevant research available in Benchmarks 













9-12 | 
‘pr em 
ofthe possibilities open to the 
* next бей айо?" 
Pp E ТІ Sonbenefitsiofith 
АУН -= і pru of another aan 
REASONING ‚103 к ) 


` 
^ 
.. 


Benefits and costs of proposed choices 

Include consequences that are long- 
i term. as well as short-term, and indirect 
` ás well as direct. The more remote the . 
: consequences of a personal or social 
_ dedslon, the harder it usually is to take 
;them Into account In considering 

; “alternatives; But benefits and costs 

-< may be difficult to estimate. 70/1 

oy я 

4 


I 
1 





6-8 Ы 
toand from. А 
` DECISIONS ABOUT 
MUSING TECHNOLOGY 
H 
One common aspect of all social Е 
trade-offs pits personal beneüt 
and rights of the individual, on 
one side, against the general UT 
social good, on the other. 7D/2 
3-5 | 
" Sometin.es social decisions have 
. unexpected consequences, no 
matter how carefully the decisions 
are made, 70/3 
4 
to DECISIONS _„.----77 
ABOUT USING 
TECHNOLOGY 
L4 N 
"to AVERAGES AND ” 
22 COMPARISONS a“ 
M Ж” 
| w К 
К-2 : Ж a БГ хисле tn 
S Pd ДЫ, АГРО б 5: 
“о ‘Sometiines | people aren't itus Неее рр A 


what will happen because they. 
“don't know everything that might:: 
„Бе having an effect. ...9D/1 


' А" ^ 
4 ` ` 
/ Ns * to SCIENTIFIC 
^ 
to STATISTICAL to ee 
ESTIMATION CORRELATIONS 


. consequences 
of decisions 


SOCIAL CHANGE: 


SOCIAL DECISIONS 50 


to and from to and from 
INTERACTION OF DECISIONS ABOUT 
TECHNOLOGY AND USING TECHNOLOGY 

SOCIETY ‚ 
D r 
Ly 4 

x ды 5 
x РА Peaceful efforts at $о1а! change аге ІС 










In:deciding amongaltemn 
xl LL ttes 
“the 





bud te maten 2 
bear the costs, 7D/2 | M 


RN 


\ ра 8 


г 


In making decislons, benefits and 

- drawbacks of alternatives can be 
taken Into account more | 
effectively if the people who will 
be affected are Involved. 7D/2 


In making decisions, it helps to = 


take time to consider the benefits 


aa and costs of alternatives, 70/4 > 


| Getting oath татава 
mean giving up «еш In“ 
«fetum; 20/1: сы ae 





costs, benefits, 
and alternatives 


. most successfu! when the affected 
people are included Ii th » planning, 4 
when Information Is avallable from all ` 
relevant experts, and When the values 
2 power struggles are clearly under- 
Polani incorporated into the 
decision-making process. (5ҒАА, р. 96) 


i. 


To various degrees, govern.nents IC 





Where their own personal, 
с “institutional; or « community.. try to bring about 5ӛсігі change 
иеге аѓе ау stake, 'sléntlsts as ` ог1треде It through policies, 
ja; 90р ean be: expected to be: ло: laws, Incentives, or direct . 


coerelon. Sometimes such efforts 
achieve their intended results and 


"less blased than:other groups ‘are. 
` about thelr үиүн interests, 





x 166... np V sometimes they do not, 7C/4 
5 Di ў Ne Б обе ` 
A 
\ ne 
x ES 
M “4 
- ` to and from 
toAVOIDING ЧЕРЕРІТҮ AND 
BIASIN SCIENCE ~ EXPERIENCE 
2515 SHAPE BEHAVIOR 
x / 
СД 
i 
4 
; 
^ 
There are trade-offs that each 
person must consider in making А 
cholces—about personal ` However they are formed, Ic 
` popularity, health, family ` - governments usually have inost of 


the power to make, interpret, and 
enforce the rules and decisinns 
that determine how a community, 
state, or nation will be run. 7E/3... 


L^ 


relations, and education, for 
_example—that often have life- 
long consequences. 7D/1 





~ опе person's exercise of freedom IC 
may conflict with the freedom of 
others, Rules can help to resoive 
, conflicting freedoms, 7F/3 


E) 


Human beings tend to repeat 
behaviors that feel good or have 
pleasant consequences and avoid 
behaviors that feel bad or have 
unpleasant consequences. 60/4 


D E 

4 ` 

, ` 
4 


to and fr to and from 
рен 
BEHAVIOR BEHAVIOR ^ eh 
Everyone wants tobe treated 1С 
fairly, and some rules can he'p to 
-da that. 76/2 
КІ 
A 
personal. rules and 
interests government ` `.: 








Grant Wood Fall Plowing, 1931. 
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The world we live in has bea shaped in many important ways by 

human action. We have created technological options to prevent, 

eliminate, or lessen threats to life and the environment and to fulfill 

soctal needs. We have dammed rivers and cleared forests, made new 
materials and macbinzss, covered vast areas with cities and highways, 

and decided—sometimes willy-nilly—the fate of many other living 

things. : . 


іп а sense, then, many parts of our world are designed—sbaped and 
controlled, largely through tbe use of tecbnology—in light of what we 
take our interests to be. We bave brougbt tbe earth to u point where our 
Suture well-being will depend beavily on bow we develop and use and 
restrict technology. In turn, that will depend heavily on how well we 
understand the workings of technology and tbe social, cultural, 
economic,.and ecological systems within which we live. 


: SCIENCE FOR ALL AMERICANS 


CHAPTER 5 THE DESIGNED WORLD 


MAP: 


CLUSTE: COMMUNICATION AND 


MAPS: 


AGRICULTURAL TECHNOLOGY 


"INFORMATION 


COMMUNICATION TECHNOLOGY 
COMPUTERS 


Js term “technology” increasingly seems to be used to refer only to electronic technology. · 
Science for All Americans and Benchmarks for Science Literacy focus on a more general con- 
ception of technology as ways of doing things and of having specific effects on the world. 
Toothpicks, plows, drugs, and tollbooths are as much technology as televisions and computers. 
The maps іп this chapter cover technologies in agriculture, communication, апа information 
processing. Several other related specific technologies in the corresponding chapter of 
Benchmarks will be mapped in the next edition of Atlas of Science Literacy, including materi- 
als and manufacturing, energy sources and usc, and health technology. 


AGRICULTURAL TECHNOLOGY 


All of the benchmarks on agricultural tech- 
nology appear in one map, accompanied by 
all the relevant commentary. 


COMMUNICATION AND INFORMATION 
pp. 108-111 = 


The benchmarks in these two maps lead stu- 
dents to an understanding of the basic issues 
and principles in technologies having to do 
with communication and information. 
Principles of transmitting and storing infor- 
mation are, of course, linked to information 


processing—each greatly enhances the possi 
. bilities of the other. There are important, 


though relatively few, shared benchmarks 
between these two maps about digital Cod- 
ing, storing and transmitting information, and 
reducing error. 


E 
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А griculture, usually n 
book treatment of ‘technologies, may | be ш 
the earliest and still:the most important 
technology. Agricultural technology isa ' 
complex system of interdependent: éle- . 


ments— people, prices, weather, transporta- - ; 


tion, communication, as well as plants and 
animals—that goes far beyond the simple 
image of a farmer plowing a field. 
Students’ growth of understanding in 
agricultural technology is built from bench- 
marks about food production and trans- 
portation, controlling the characteristics of 


_plants and animals; and the ways in which 


agricultural advances affect people’s lives. 
Many of the issues and ideas presented 
here in the context of agricultural technol- . 
ogy—such as constraints, trade-offs, and the 
effects of technology on society—relate to 
the more general ideas in Chapter 3: THE 
NATURE OF TECHNOLOGY. Because agri- 
culture can affect ecosystems, this map also 
relates to the impact of technologies on | 
ecosystems—a topic that will be mapped 
in the next edition of Atlas. { 





“Have you any idea, young man, how much water 
was polluted, energy cons'imed, top-soil eroded, and 
pesticides pumped into the atmosphere in order for 
those beans to be on your plate?" ` 


NOTES a 





AGRICULTURAL TECHNOLOGY 









"well, plants 
aportant ideas: the 
wth of plants 
"These ideas 


мане 25 а a starting int for. many of the 
benchmarks in this: map | and send out a fan 


of supporting ‘connections to three of the 
four strands in this map. 


Students’ ideas about the nature of “food” 
and suitable growing conditions can be 
supported by giving them some scientific 
understanding of how plants make their 
food and of the transformation of both 
matter and energy in food webs. In this 
regard, it can be useful to study the 
FLOW OF MATTER IN ECOSYSTEMS and the 
FLOW OF ENERGY IN ECOSYSTEMS maps 
(іп Chapter 5) together with the bench- 
marks presented here. 


The story of agricultural technology would 


not be complete without the development 
of ideas about trade-offs in considering 
new technologies. The importance of the 
notion of trade-offs may not be obvious 
from the simple strand labels, but it 
appears explicitly in 6-8, building from 
nearly all. of the strands on this map. 


Government efforts to ensure and stabilize 
agricultural supply are introduced in 9-12. 
Of course, government іпіегҳепіоп relates 
to several topics that will be mapped in 
the next edition of Atlas, including politi- 
cal and economic systems and global inter- 
dependence in Bencbmarks Chapter 7: 
HUMAN SOCIETY and the industrial revo- 
lution in Benchmarks Chapter 10: HIS- 
TORICAL PERSPECTIVES. 


The 6-8 and 9-12 benchmarks in the 
effecte on society strand are largely histori- 
cal. They also provide opportunities for 
connecting ideas about agriculture with 


'social issues presented in the INFLUENCES 


ON SOCIAL CHANGE map (in Chapter 7). 


No relevant research available in Benchmarks 


9-12 


New varieties of farm plants and 
animals have been engineered by 
manipulating their genetic 
Instructions to produce new 
characteristics. 8A/1 


* 
` 
` 
а 
B 
` 
‘ 
D 


а 
\ 
^ 
\ 
^ 
\ 
LU 
1 
from ОМА 
AND INHERITED 
CHARACTERISTICS 


People control some characteristics 


of plants and animals they raise бу — 77” 


AGRICULTURAL TECHNOLOGY 





іп farming conditions and from `- J 
com petiti or from other countries. BAN: 


АЕ ISS 





Agricultural technology requires кш 


trade-offs between increased 
production and environmental \ 
harm and between efficient 
production and social values. : 

8A/3... 


A 


_ 


. 


___ In the past century, agricultural 
technology led to a huge shift of 


population from farms to citles 
in dua onz MR ы and a great change in how people 
TECHNOLOGY AND live and work. +» BAB 
SOCIETY | 
54 \ 
N 1 
: т 
“ LI 
х 
* P 
to and from ` \ 
DECISIONS ABOUT Early In human history... people x 
USING TECHNOLOGY changed from hunting and 
UJ 
* 
К 
^ 
M 
^ 
^ 


\ 


frorn INFLUENCES 
ON SO“IAL 
CHANGE 


gathering to farmirg, This allowec 
changes in the division of labor 
between men and women and 
between children алд adul:s, and 
the development of new patterns 
of government. 8/V1 


In agriculture, as in all technologies, 
there are always trade-offs to be 
made... Specializing іп one crop тау” 
risk disaster if changes In weather or 
increases In pest populations wipe out 
that crop. Also, the soll may be 


. Getting food from many different 
places makes people less : 
dependent on weather in any one 
place, yet more dependent on 
transportation and communication 

among far-flung markets. ...84/3... 


жеткен 



























| exhausted of some nutrients, which With improved technology, only a 
selective breeding and by can be replenished by rotating the қ small Кооп о! Won tho 
р varieties of де (old right crops, 84/3... U.S. actually plant and harvest the 
and new) to use if growing . 
products that people use. Mos* 
conditions change. 8A2: . workers are engaged in 
2 B processing, packaging, . 
ae transporting, and selling what is 
ны” produced. ...8A/4 
SELECTION 
А 
3:5 
Damage. to.croj 1 y { . СЯ 
rodents, Weeds; ó Irrigation and fertilizers 
` insects can-bé reduced .. can help crops.grow In 
i by using:polsons? ‘places’ ЗАГА gee Places: көй or.dry to 
thelr use may hárm. too little water or the ` “grow certaln crops can i 
| plants or animals. 8А/2_ soll is poor. ...8A/1 obtain food from places | л. id 
Some plant varleties and | with more sultable climates. cht padding are weis 
animal breeds have more :Muchofthefoodeatenby 1 o don me sroil $ 
desirable characteristics Americans comes from о slow down the spotting Modern technology has increased 
than others, but some may kinds of other parts of the country ‚ of food by microscopic the efficlercy of agriculture so 
be more difficult or costly to STe kines of cops and the world. 8A/5 organisms so food can be that fewer people are needed to 
у that can grow in tored | bef 
row or ralse. ВАЛ... | Stored longer беюге work on farms than ever before. 
9 А ап area depend being used, 8A/3 Y Bala 
m on the climate 
| and soil. ...8A/1 p d | 
! = to ond from 
to and trom fe 7 d MALRA HOR ct 
NATURAL ILCHNOLOGY 
SELECTION \ AND SOCIETY 
: =. Ж 
К-2. 
$ 
from CELL Де 
FUNCTIONS ~. 
Ё from FLOW OF - Pf gi йд діннен ш Hits gh 3 Мне | X 
ENERGY IN 2.2... warmth, light, and water. Crops chi vested. may, spoll:be- 
ECOSYSTEMS ‘must be protected from weeds чү Ite ges apse: 
, and pests. ...BA/1 ВАЗ 
from FLOW OF ,,--77 un 
MATTERIN ^7 S EN idi 
ECOSYSTEMS 4 z 
: Most food comes: боті farns fos ` , E 
either dii ` i 
“animal 
controlling producing iumnsporting- effecte оп. 
characteristics food food. Society 
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basic human activities. Technologies for. 
storing, sending, and receiving. informa- ` 3 
tion—the printing press, radio, telephones, 
the Internet, and so on—have been at the 


forefront of social change; This map shows ` 


the development of ideas about simple 
principles of communication and the tech- 
nologies that enhance our ability to com- 
muinicate along three strands of bench- 
marks about quality of communication, 
coding and decoding information, and the 
devices and media used to store and trans- 


_mit information. 


Educators engaged in developing cur- 
riculum or instruction could capitalize on 


the relationship between this map's bench-. 


marks about possibilities of errors and fail- 


ure and the effects of technology on socie- 


ty and the relevant benchmarks in the 
more general maps in Chapter 3: THE 
NATURE OF TECHNOLOGY. Further, the — 
role of communication technology in soci- 
ety as covered in this map suggests a rela- 
tionship to topics in Bencbmarks Chapter 
7: HUMAN SOCIETY. Other related topics, 
including communication as a skill or as a 
means of learning, will be mapped in the 
next edition of Atlas. 


22. NOTES 3 2 
Two. benchniarks b 


COMMUNICATION AND INFORMATION: 


COMMUNICATION TECHNOLOGY 







evel about 


communication in hun bistory have 





been moved: from their original Bencb- 


marks placement at the 3-5 level. The 


. closer consideration of sequence required 


for mapping suggested that these bench- 
marks were both achievable in K-2 and 
were needed to support other K-2 
benchmarks. 


The 3-5 benchmark "Communication 
involves coding and decoding..." in the 
center of the map conveys the basic idea 
of communication in this map. It also sets 
up the issue of privacy in communication, 


which is explored at a more sophisticated. 


level in 9-12. (In 3-5, the issue of privacy 
can be approached as "secret codes") 


CLUSTER: COMMUNICATION AND 
' INFORMATION 


MAPS; COMMUNICATION TECHNOLOGY CT 
с COMPUTERS С 


No relevant research available in Benchmarks 


COMMUNICATION AND INFORMATION:. COMMUNICATION TECHNOLOGY С 


9-12 






























* a 
| сине errors can be " UO ETE Ер 
E " rédüced by boosting and focusing /.---277 s 
кыты d at provide m signals, shielding the signal from 
Internal and extemal nolse, and — — ‘ 
. repeating Information, but all of ТУУЫ. fiom DESIGN 
“these Increase costs, ...8D/2... CONSTRAINTS 
The ди: йу of communication Is 
_—— determined by the scrength of the 
signal їл relation to the nolse that 
tends to obscure it, 80/2... 
almost any Information can be ” 
‘transformed Into electrical signals. 
, A weak electrical signal can be 
“used to shape a stronger one, Digital coding ¢ 5 Information. C 
5 ХМ can control other signals of.. 2 Ausing'ofi ОЙ. 
. light, sound; mechanical devices, ` "possible m more йе 
` or radio waves, 80/1 “transmission: B 
processing of information. ...80/2 / 
6-8. T 
Information can be carried by 
. many media, including оопа, 
light; and objects. In this century, 
е the abllity:to code Information as: to INFLUENCES 
, < electric currents In wires 9 7070700707707 ON SOCIAL 
electromagnetic waves Їп space, CHANGE 
., Запа light In glass fibers has made ; 
` communication millions of times ! 
faster than mall or sound. 80/2 Н ; 
р i Errors can occur In coding, C 
Н iN ' transmitting, or decoding 
u ' information. and some means of 
» : i checking for accuracy Is needed, 
e. ' Repeating the message is а 
trom WAVES | frequently used method. 80,1 
t 
3-5 А : n 
; Communication technologies E cani 
to CULTURE make it possible to send and А lecod 
AFFECTS -------- recelve Information moreand — ------- М per тық Жаке Ge 
BEHAVIOR more reliably, quickly, and cheaply’ ` réclever have to 
over long distances. 8D/4 : codec whichimned 
Todes'can bé'used tà keep" 





"communication private, 8D/2 





IV apran toreo 
Тау, rms of recording mes- 
















Tages ‘used markings on materials 
such as wood or stone. ...8D/1 
305 ІН BENCHMARKS) , 
communicate With one another. to HEREDITY AND - 205 
i Signed and spoken aede wi z- EXPERIENCE oe 
“опе the first invent SHAPE BEHAVIOR Бы 
43-5 IN: "BENCHMARKS) Ы “ү: к y 
‘ d m 
devices and coding апа . quality. of. D. 


: media decoding communication: , 
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part: of people's S: че: Бекі уаш. 4 | 
lives. The applications of information рго- 


cessing are "wide ranging—from: climate 
research to kivchen appliances. -But basic’ 


literacy does not demanda litany of appli- 


cations of computers. Instead, it focuses 
on.some of the basic principles of informa- 
tion processing that make those applica- 
tions comprehensible. 

Students’ understanding of information 
processing develops along strands of 


"benchmarks about digital coding, storing. 


and processing information, and calcula- 
tions and modeling. These benchmarks 


reinforce one another as they build toward 


an understanding of the nature and useful- 
ness of computers. 


COMMUNICATION AND INFORMATION: 


COMPUTERS 







NOTES. | 
А 3-5. bench mputers can be pro- 
grammed.. Ae ‘central point for 


this map, capturin deàs of storing, 


retrieving, ani performing operations on 





"information. From this benchmark 


emerges the benchmark in 6-8 about the 


' usefulness of coding, organizing, and pro- . 


cessing information. 


The calculating and modeling strand is 
about using computers to model events 
and processes. This strand also relates to 
the MATHEMATICAL. MODELS тар (in 
Chapter 2), since computers are used to 
run complicated or prolonged mathemati- 
cal models, and to the DESIGNED SYSTEMS 
map (in Chapter 3),in that complex con- 
trol systems usually involve computing 
devices. In addition, there could be con- 
nections from the benchmarks in this 
map to more general benchmarks about 
modeling in Bencbmarks Chapter 11: 
COMMON THEMES. 


Ideas about materials and manufacturing. 
are critical for the 9-12 benchmark about 
the advantages of miniaturization, high- 
purity materials, and better fabrication 
technologies. This topic as a whole will be 
mapped in the next edition of Atlas. 


CLUSTER: COMMUNICATION AND 
INFORMATION 


MAPS: | COMMUNICATION TECHNOLOGY CT 
COMPUTERS C 


No relevant research available in Benchmarks 


9-12 


Digital coding of information СТ 
(using only 1' and 0°) makes 
possible more reliable 

„transmission, storing, and 

processing of information. ...8D/2 


6-8 
Errors can occur іп coding, CT 
transmitting, or decoding 
> "nformation, and some means of 
^. Checking for accuracy is needed, 
- Repeating the message Is а 
frequently used method. 8D/1 


Most computers use digital codes 

containing only two symbols, 0 
^ and 1, to perform all operations. 
Continuously variable signals 


processed by a computer. 8E/1 


Numbers can be represented by 
using sequences of only two 
symbols (such as 1. and 0, on and 
ой); computers work this way. 
9A/6 


3-5. 


Mistakes can occur when people 
enter programs or data Into a 

> computer. Computers themselves . 
can make errors іп information 
processing hecause of defects In 
their hardware or software. 8E/3 


Computers are controlled partly by how 
they are wired and partly by 
Instructions called programs that are 
entered [n a computer's memory. Some 
instructions stay permanently in the 
machine but most are coded on disks 
and transferred into and out of the 
computer to suit the user, 8E/1 


t 


People have invented devices, such as 


paper and ink, engraved plastic disks, СІ. 


and magnetic tapes, for recording 


Information. These devices enable great . 


amounts of information to be stored 
-| апа retrleved—and be sent to other 
- people or places. 80/3 


к? 


© Numbers: tan bé-uséd to court; i 
things, place them in order, ог 
name them. 9A/1 


digital coding 


(analog) must be transformed Into PITE се. 
digital codes before they can be 


COMMUNICATION AND INFORMATION: 


Miuiaturization of information 
processing hardware can increase 
processing speed г and | portability, reduce 
energy usé, and істе tosti УС sie 
Miniaturization is made possible through 
higher-purlty materlals and more precise 
fabrication technology. 8E/3 





to GALAXIES „.- 
AND THE 
UNIVERSE 


An Increasing number of people worl: 
at jobs that Involve processing or 
distributing information: Because 
computers can do these tasks faster 
and more reliably, they have become 
standard tools both in the workplace 
and at home. 8E/4 


What исе сап be made of a'large. > 


collection of Information depends ` 
upon how it. is organized, ( 





“able; on-command;-to:reorganize: . 

Information in a variety of ways, 
-enabling people to make more and 
better uses of a collection of 
Information. ...8E/2 © 


a 


` Computers сап be programmed 
to store, retrieve, and perform 
operations on Information, These: 
operations include mathematical 


= calculations, word processing, 


diagram drawing, and modeling 
complex.events;.8E/2: ... - 


мж 
2 


Опе ofthe . 


COMPUTERS С 


to and from . 
DESIGNED _ Computers have greatly improved the 
TEMS EE. power and use of mathematical models by 
“>> performing computation: that are very 
4 long, complicated, or repetitive. Computers 
from can'show the consequences of applying 
MATHEMATICAL РИЯ T complex or changing cules. Their graphic 


cap-abilities make them useful In the 
design and testing of devices and structures 
_and In the simulation of complicated 
processes. 118/2 


Li 
' 
` 
` E 
П 
Uu x 


Computer modellng explores the logical 
‘consequences of a set of instructions and a 
set of dota, The Instructions and data Input о! 
à computer model try to represent the real 
world so the computer can show what would 

. actually happen, In this way, computers assist 
people in making decisions by simulating the {Spreadsheet calculations. 12C/2 | 
consequences of different possible decisions, nes deem em e 
ЗЕЛ S 


4 


% 
% 
М 
\ 
1 
D 
% 


‚ Use computers for producing 
; tables and graphs and for making ! 


5 p А A 
9 D 
е ` 
“ 
ue from GuiAPHIC 
REPRESENTATION 


Mathematical models can be 
‘displayed on a computer and then 
modified to see what happens. 
118/2 


from 
СЯ MATHEMATICAL 
MODELS 


Use computers to store and 
retrieve information in topical, 
alphabetical, numerical, and key- 
word files, and create simple files 
of their own devising, 1207... 


Я Б | 





"Insert instructions into computer j 
| spreadsheet cells to progrem 
| arithmetic : calculations, 123/6 | 


ane) 


==” 


Beer and follow step- ep-by-s step x 
Instructions іп a calculatoror | 
computer manual when learning | 

| new procedures, 128/5 .— xl 





-Theré are different ways to stor ^ 
things so they can easlly be foung 
later. 8E/1 D 


storing and processing 


‘information 






calculating. anc c 


А model'hg YT 





Stuart Davis Rapt at Rappaport's, 1952 
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Mathematics is essentially а process of thinking that involves building 
and applying abstract, logically connected networks of ideas. These 
ideas often arise from the need to solve problems.in science, technology, 
and everyday life—problems ranging from bow to model certain aspects 
of a complex scientific problem to bow to balance a cbeckbook. 


SCIENCE FOR ALL AMERICANS 


СНАРТЕК 


CLUSTER: MATHEMATICAL 
REPRESENTATION 


MAPS: GRAPHIC REPRESENTATION 
SYMBOLIC REPRESENTATION 

CLUSTER: PROPORTIONAL 

REASONING 

MAPS: RATIOS AND PROPORTIONALITY 
DESCRIBING CHANGE 

CLUSTER: STATISTICS 

MAPS: AVERAGES AND COMPARISONS 


CORRELATION 
STATISTICAL REASONING 


THE MATHEMATICAL WORLD 


M athematics topics in Science for All Americans and Benchmarks for Science Literacy are 
distributed among three chapters. This chapter of Atlas of Science Literacy contains the sub- 
stance of mathematical literacy, complementary to general ideas about mathematics in Chapter 
2: THE NATURE OF MATHEMATICS and the mathematical skills in Chapter 12: HABITS OF 
MIND. Many benchmarks from Bencbmarks Chapter 12: HABITS OF MIND are included explic- 
itly in the maps in this chapter because skills devoid of understanding, or knowledge that is not 
grounded in experience and ability, are insufficient for literacy in mathematics. Several related 
topics from Benchmarks Chapter 9, including number sense, shapes, and general principles of 
reasoning, will appear in the next edition of Atlas and augment the maps presented here. 


MATHEMATICAL REPRESENTATION 
pp. 114-117 


Tables, graphs, and equations are alternative 
ways of representing information or relation- 
ships—and each has advantages and disadvan- 
tages. These two maps provide different 
emphases on mathematical representation: 
one on graphic displays and one on symbols 
and symbolic relationships. Both maps build 
from early benchmarks about using numbers 
and shapes to describe and predict things, and 
they share a strand of benchmarks about the 
reiationship between graphs and equations. 


Relationships between the benchmarks pre- 


-sented here and the general benchmarks 
about mathematics in Chapter 2: THE 


NATURE OF MATHEMATICS are important 
for giving students a good sense of inathe- 
matical representations. Many connections 


‚апа shared benchmarks between the maps in 


‘this cluster and the maps in Chapter 2 are 
indicated in this map, and instruction and 


. curriculum could be designed to treat the 


topics in these maps in parallel. 


PROPORTIONAL REASONING pp.118-121 


The literacy goals that these two maps lead 
to—understanding and reasoning with multi- 
plicative relationships—underlie much of 
mathematics, technology, and natural and 
social science. The speed of a car, probabili- 
ties, and price per pound of meat in the gro- 
cery market aré all based on a special kind of 
relationship between two quantities. The 
RATIOS AND PROPORTIONALITY map shows a 
progression of benchmarks relevant to stu- 
dents' understanding of proportionality. The 
DESCRIBING CHANGE map focuses on relation- 
ships between changing quantities. In middle 
and high school, the two maps share bench- 
marks about the connection between frac- 
tions, ratios, and division; about using ratios, 
rates, and proportions; and about the relation- 
ship of volume and area to linear dimensions. 


STATISTICS pp. 122-127 
This cluster presents benchmarks that deal 


"with how we attain knowledge in the midst 


of uncertainty—summarizing, comparing, 
relating, and interpreting sets of data. 
Though statistics-are often useful and power- 
ful tools for learning about the world, many 
of the benchmarks focus on the dangers of 
statistics—their limited meaning and the 


'ease with which they can be misinterpreted. 


АП three maps share benchmarks about mul- 
tiple causes, control of variables, and the pos- 
sible role of pure chance..In addition, high- 
school benchmarks about error and possible 
sources of uncertainty that appear in the 


STATISTICAL REASONING map are applicable to 


both the other maps. 


For basic literacy, it is more important that 
students become informed consumers of sta- 


‘tistics, rather than proficient producers. | 


Accordingly, the maps include benchmarks 
from the CRITICAL-RESPONSE SKILLS section 'of 
Benchmarks Chapter 12: HABITS OF MIND. 


EE 


nay 


114 





Ey 


Te graphic. display с of ашёга апа pu 
tionships can bé'a powerful; aid in. discov: ` A 
ering and communicating. patterns not eas- E 





ily seen in tables or equaüons. This. map " 
portrays students' ‘ability to understand, 


interpret, and. create graphic representa- Е 


tions. Four strands of benchmarks show 
the growth of students’ ideas about locat- 
iny points, graphic displays of numbers, 
related changes,.and the relationship 
between graphs апа symbolic equations. 
Number sense and communication skills 
are related to graphic representation, and 


‚ some benchmarks‘on those topics show 


up here; they will be mapped in the next 
edition of Atlas. 


& -. CHANGE. тар, which, 


MATHEMATICAL REPRESENTATION: 


‘GRAPHIC REPRESENTATION 


| ., NOTES... aus 
M The focus i in this ma; Қ 





п representation, 


al but the 68 benchmarl ‘Graphs can show 
| а variety: of possible relationships.. . also 






mphasizes relation- 
ships between changing. quantities. The 
same benchmark is also an important step. 
in understanding correlation and causation 
and appears on the CORRELATION map. . 


In the early grades benchmarks on shapes 
provide a foundation for understanding . 
graphic representations. But geometry and 
manipulation of shapes are not completely 
developed in this map (they will be treat- 
ed in the next edition of Atlas). 


For literacy in science, mathematics, and 
technology, graphs of data are just as 
important as graphs of analytical functions 


(which may, of course, turn out to be good. 


models for patterns of data). The impor- 
tance of graphic representations in com- 
municatiug and analyzing data is evident in 
the many connections to maps on statis- 
tics, including the AVERAGES AND 
COMPARISONS and CORRELATION maps. 


+ 


, CLUSTER: MATHEMATICAL 
REPRESENTATION 


MAPS: GRAPHIC REPRESENTATION GR 
SYMBOLIC REPRESENTATION SR 





| "RESEARCH їн ‘BENCHMARKS 


"Students of all ages often interpret graphs of situations 
as stent pictures rather than as и ЕШ 





pes scale and coordinates even after traditional 
instruction in algebra (Kerslake, 1981; Leinhardt et al., 
| 199 Vergnaud.& Errecalde, 1980; Wavering, 1985). For 





dénts'thjnk it is legitimate to construct 


- differen rales for the-positive and the negative parts of 
the axes. Alternatively, students think that the scales on 
the? X and Y axes must be identical, even if that obscures > 
“the n relationship. When interpreting graphs, middle-school 

| students do not understand the effect that a scale 








s EE Mere sides are given 
e -thatsthey:could easily answer from a table of | 
, „ordered pairs. me are rre es asked о about 









ерге йү, especially moving ч. а 
quation’ Маа еї di 1990). Results H 


| кор онш; for instance, that given a 
line with indicated intercepts, only 5% of 17-year-olds - 
could generate the equation (Carpenter et al., 1981). 


Little is known about how graphic ski'ls are learned and 
how graph production is related to graph interpretation. 
^ as ed Laboratories (MBLs) are known to 

| elopment ‘of students’ abilities to 
interpret graphs. For instance, MBLs can help middle- 
| Жш га ват that a. graph | is not a picture and. dus 
Fovercome:the’ height/slope’ ‘confusion mentioned above d 
.(Mokros & Tini 
AA 















MATHEMATICAL REPRESENTATION: GRAPHIC REPRESENTATION GR 


9-12 


Tables, graphs, and symbols are А 












and vice versa. 9С/3.., toand from . 


| MATHEMATICAL | 
MODELS 
Use tables, charts, and : ' 
/ graphs in making 


A graph represents all the values SR alteinative ways of representing 
P e DR that satisfy an equation; and If data and relationships tha. can 
. COMPARISONS - two equations have to be be translated fror. one to an- 
A satisfiéd at the same time, the other, 98/4 ` 
СЕ ы 1 values that satisfy them both will 
; а DEE eu ! be found where the graphs 
' 1 ” 
symbols and numbers— пао. e м 

i 

4 

4 







7 А 
The position of any Check graphs to see that they do scole giro claims in Graphs and equations SR 
point on a surface can: not misrepresent results by using ora н ^ s n аге alternative (and 
be specified by two Inappropriate scales or by falling presentations, often equivalent) ways 
numbers. ...9C/3.:; to specify the axes clearly. 12E/2 for depicting and 






- analyzing patterns of 
change. 11С/4 
І i 
“7 У : р А р 2 
ЕЙ to COMPUTERS i 


Organize 'nformation In 









LI 
to and from 
DESCRIBING 
CHAN 3E 


simple.tables and graphs : . x 
and identify relationships Graphs can show a variety of possible 
they reveal. 120/1 relationships between two variables. As опе 


variable increases uniformly, the other may - 
do'one of the following: Increase or 
decrease steadily, increase or decrease 





Find ч Palin кн e tc STATISTICAL 4 faster and faster, get closer and closer io 
maps wi sectangular and polar REASONING .. scme limiting value, reach some 
coordinates. 120/5 EN % intermediate maximum ог minimum, 





P The graphic display of numbers alternately increase ard decrease, increase 
may help to show patterns such or decrease іп steps, or do something — ' 
as trends, varying rates of MIN different from any of these, 98/3 Logical connections can be found SR 
„дарз, or clusters. Such patterns .. DAS } M between different parts of 
“sometimes can be used to make "E ` mathematics. 2А/2 
predictions of the phenomena / ` 


being graphed. 9С/4 КІ x 
Ы / x 
It takes two numbers to locate a у А ` 


point оп а тар or any other flat 














* surface; The numbers may be two Reacl simple tables and 
perpendicular distances from a “| graphs produced by others pl АНЫҚ 
point, or ап angle and a distance and describe in words what CHANGE ‚ 
from a point. 9С/5 they show. 120/2 қ Н 





2 сатам 






Graphical displays ot numbers 
make It possible to spot patterns 


" that are not otherwise obvious, N 
such as comparative trends and 
If 0 and 1 are located on a line, sizes. 9C/3 Mathematical ideas can be SR 
any other number can be : Tables and Dem, can ao how represented concretely, * 











depicted as a position on the line, values of one quantity'are related graphically, or symbolically. 24/2 

cn * “10 values of another, 98/2 ? 
“ Н 
4 ^ 0 l 
to and from | Numbers and shapes—and SR i 
to MATHEMATICAL : ! 

КОРКА ома MODELS operations on them—help to amiin 

d 5 EN describe and predict things about MATHEMATICAL 
' E the world around us. 2C/1 PROCESSES 







,to MATHEMATICAL 
PROCESSES 







Russe 
Um 







Use whole numbers and simple, 
everyday fractions in ordering, 







to RATIOS AND | 


counting, identifying, measuring, |----- PROPORTIONALITY 
and describing things and . 
experiences. 128/1 
NE S 
locating pointe graphic displays related changes. alternative 


‚ representations 
Е 





MATHEMATICAL REPRESENTATION: 








and symbolic statements to teas | 
things (including: purely mathematical ` i 
objects), manipulating those statements : 
according, to logical. rules. апа: finding solu- 
tions that satisfy them, and understanding 
the relationship between „symbolic and 
graphic, representations. Literacy in sci- 
ence, mathematics, and technology . 
includes being able to “read” symbolic state- 
ments, calculate the results of substituting 
values for variables ‚апа understanding 
what it means to solve an equation—but 
skill in complex manipulation of symbolic 
statements is not a part of basic literacy. | 


SYMBC LIC REPRESENTATION 


-NOTES . 

; | ‘The idea: that variables can фе thought of 

саѕ ‘taking: ‘many. possible values. is very diffi- 

cult for students. 
'ed:as ‘placeholdei 

“benchmark, “An: equation containing a vari- 










symbols are treat- 
s; but the’more subtle 
able...,” appears in 6-8. The idea of a vari- 
able is also very important for the other 
map in this cluster, GRAPHIC REPRESENTA- 
TION, and for two other maps in this chap- 
ter, RATIOS AND PROPORTIONALITY and 
DESCRIBING CHANGE. 


Several benchmarks about depicting 
change and interrelated changes are 


included in this map, but only as they соп-. 


tribute to understanding symbolic repre- 
sentations. Mathematical representations 
of change are dealt with more closely in 
the DESCRIBING CHANGE map. 


| | 


| (& 


(© 


ар 











"Just a darn minute — Yesterday you said x equals two!" 





бөтен: MATHEMATICAL 
REPRESENTATION 


GRAPHIC REPRESENTATION GR 
SYMBOLIC REPRESENTATION SR 


MAPS: 





numbers, ог. as: generalized numbers before the 
understand. them as representations of variables (Кїегап, 







; n op algebra Carpenter. et al, 1981) sd. are 

i "evident ‘even in college students (Clement, 1982). Long- 
_term experience (3 years) in elementary.computer 

ming'has been shown to help middle-school: 

соте these difficulties, although short-term 















тен А шы 


=contrastastud ents Wl OA 





à an "e m | 
lout Тола of what a ош eo 








MATHEMATICAL REPRESENTATION: SYMBOLIC REPRESENTATION SR 
9-12 


to and from 
MATHEMATICAL 
MONS 
















to and from to and from 
RATIOS AND DESCRIBING 
| PROPORTIONALITY CHANGE 
1 к е 
үй х 2 
4 ` 
e П 
БАУ bé found where the graphs . 
‘Intersect. ...9C/3 ` 


i 5. X n 
' the same time, . "ОВ? Ан 
i Find answers to problems by  : 
! y P4 substituting numerical values in 
i Symbolic statements сап be та-::: simple algebraic formulas a id 
i nipulated by rules of mathematical judge whether the answer is to and from 
! logic to produce other statements _ reasonable by reviewing the PROCESSES 
Н of the same‘felationship;whic 1 process and checking against 
Н typical values. 128/2 
t 
i І 
i 
L 
' 





may show some Interesting | 


"Wien а relationship 5 represented 
aspect more clearly. 282 "ipid E 7 ers.cal 
A. 5 j x ie 
„бгарһѕ and equations аге. GR 























i 
) fr сер alie : ' Жыз ро ы 
4 rn no: E Make up and write out simple | 
\ 3 algorithms fer solving problems 
alternative (and often” ` "Sores the retin may that take several валов", | 
equivalent) ways for depict- ^ ‚ be satisfied by one value, карышылык а etc geste 
Ing anc analyzing patterns \ sometimes тоге than опе, and 
of change. 11С/4 A қ -%0тейтев n not at all. 98/5 
| | i : 
шы | Эз 
6-8 ! “10 and from 
ы to and fi MATHEMATICAL 
DESCRIBING PROCESSES " 
. CHANGE 
: : қ 
Symbolic equations сап be used : EM 
Logical connections can be found GR to: Summarize how. the quantity ОГ: ТАП ‘equation containing a variable Insert Instructions Into computer 
‘between different parts of “Something changes over time or Smay-be-trié for ш ог one value of spreadsheet zell; to program 
mathematics, 2A/2 In response to other changes. thé varlable, 98/1 ©. aritl matic calculations, 128/6 
Ше 1104 А | : 1 рте 
`SS to and from i 
DESCRIBING “ i 
CHANGE » to and from 
COMPUTERS 
3-5. à Y 
. : Mathematical statements using 
- Mathematical ideas can be GR ‘symbols may be true only when 
represented concretely, : the. symbols are replaced by 
graphically, or symbolically. 2А/2 certain numbers. 98/1 
А 
і 
` | Nimes nd ав аа | 
1 operations ол them—help to: 
ККЕ describe and predict chee about 
ака бат НТ the world around и, 2/1. EN 
MATHEMATICAL ` 


PROCESSES .. 


to MATHEMAT:CAL 
, MODELS 










Shies aia no GR 
to tell about things. 2C/1 - 


“GR 









Use whole numbers and simple, 





RATOS AND ‚ | everyday lractluns In огдегіпо, to MATPEMATICAL Ec - 
to RATIOS AND 4... -4 counting, Identifying, measuring, : [777777 PROCESSES | 
PRORORTIONGETN ‚| and describing things and Ё 
experiences, 128/1 | 
alternative symbols and working: . - | 
representations equations 


with equations - 











117. 
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PROPORTIONAL REASONING: 


5 AND PROPORTIONALITY 








Ta concept of proportionality i is essen 
tial tọ чаш much: іп- КЕСЕНЕ 5 


m 


iar. variables; such as speed, Шыр апа 


map scales are ratios.(or rates). themselves. - 
- Students’ understanding: of: proportionality. 


progresses along three strands of berich- 
marks that address the relationship 
between parts ала: ‘whiolés, experience 
with and understanding of numerical 
descriptions and comparisons, and basic 
computation skills relevant to ratios and. 


proportions. The next edition of Atlas will 


include ‘several topics—nurhber sense, 
measurement, shape, and scalé— that relate 


_ tor atios: and proportions, 


NOTES: 
The 6-8 benchmark '* 
can mean differe 

center point fo і 







and contributing: to every ‘strand of devel- 


opment. Though it may seem no more 
than a technical detail about mathematical 
notation, this benchmark reflects the basic 
equivalence between fractions, division, 
and ratios—that they all can be expressed 
as quotients. 


When something is bigger than something 
else, we can characterize the relationship 
by bow much bigger it is or how many 
times bigger. (The trick, of course, is to 
decide when the additive or multiplicative 
relationship is appropriate.) The fact that 
a/b implies a special kind of comparison 
of a to b is critical to this map. ` 


Two benchmarks on this map do not’ 
appear in. Benchmarks. Тһе K-2 bench- 
mark "An important kind of relationship..." 
clarifies the importance of thinking about 
parts and wholes. The 6-8 benchmark 


"Some interesting relationships..." draws 


attention toʻa. constant ratio between vari- 
ables as an alternative to a constant differ- 
ence (on which students often get stuck), 
and it also appears on the DESCRIBING 
CHANGE їпар. 

\ 
The benchmarks іп the computation strand 
identify skills that contribute to working 
with ratios, rates, and proportions. Of 
course, general computation skills would 
include many more skills than are given 
here. Benchmarks for other, equally impor- 
tant skills (and the general topic of mathe- 
matical operations) can be found in 
Benchmarks Chapter 12: HABITS OF 
MIND and will be included in the next edi- 
tion of Atlas. 





* CLUSTER; PROPORTIONAL 
REASONING 


MAPS: | RATIOS AND PROPORTIONALITY RP 
DESCRIBING CHANGE D^ 








C : 


fractional: number id 192, For example, many 7th- 





СП ; í рушы | 
“students may have difficulties perceiving a fraction as a 
1988), but rather see it asa pat 


} | WM ioc 
“basic: ia example, 3/41 1/4 and 1/4 and 14 
js: mdathétttiantqrofi. parts:(Behr et al., 1983). 


E Elementary ind. middle-school students make several 
5 y Operate ofi decimals and fractions _ 
` (Benander & Clement, 1985; Kouba et al., 1988; Peck & 
„Jencks, 1981; Wearne & Hiebert, 1988). These errors are 








98 "айе" Іп” ‘part'to thé fact that students la:k essential 
` concepts about decimals and fractions and have 
samemorized procedures that they apply incorrectly, 





; tuden jl i misunderstand. multiplication and 
— |1984; Graeber &Tirosh, 1988; Greer, 





| multiplication Р operation needed to calculate the 
cost of gasoline when the amount and unit cost are 


“integers” then’ sélect*division for the'same' problem when ` 
the. amount and unit cost are decimal numbers (Bell et 


um 









andi у ыр ip between fractions and 
8 ecimal-riümbers4Marko ts & Sowder, 1991). They may 
think that fractions and decimals can сссиг together in à 
single. expression, like 0,5 + 1/2, or they might believe 
that they must not change from one representation {0 
a 5 and back) within a given 


dh t focuses on n the meaning of . 









“fractions and decimals. endis that merely shows 
how: to translate between the two forms does not 





«See the DESCRIBING CHANGE map 


PROPORTIONAL REASONING: 


9-12 


. When the linear size of a shape DC 
5 changes by some factor, its area and 
. Volume change disproportionately: 
area Iri proportion to the square of the 
factor, and volume In proportion to its c ee! 
_ cube, Properties of an obJect.that 
depend on its area or volume also 
change disproportionately. ...9C/2 


Use ratios and proportions, рс 
ҮТ including constant rates, in 
appropriate problems. 12B/1 - 





: Some interesting relationships: t- DC 
between two varlables include 
-the varlables;always having ће. 







`] Estimate distances and 
* | travel times from maps. 
| and the actual size of 
objects from scale 
drawings. 128/5 






ratlo, (NEW BENCHMARK) 













to 
7 CORRELATION 
LI % 
to STATISTICAL B 
REASONING ` 
^ ` ^ 
` х. VS 


The expression a/b can mean DC 
different things; à: Ó : 
% lv 











Сап match exactly or have 
me shape In different sizes. 


to AVERAGES AND 
COMPARISONS 


»35: 


Fractions are numbers we use to 
stand for a part of something... ... 
(SFAA, р. 130) 


Use numerical data in describing 










to AVERAGES AND : : 
COMPARISONS ------ and comparing objects and 


n events, 12D/3 






10 
MATHEMATICAL 


Sometimes Їп sharing 
“ЫЙЫ PROCESSES , ` 










to GRAPHIC 
REPRESENTATION 








Describe and compare things in 
-terms:of their number, shape, >. 
texture, size, welght, color, and `. 
тойоп. 12р/1 


Use whole numbers and simple: 
everyday fractions In ordering, 

counting, Identifying, measuring, 
and describing things and =. « 
«| experiences. 128/1 i 1 


4 








An important kind of relationship 
between things Is when one thing 

is a part of a whole. eios 
“(NEW BENCHMARK} ? 


to SYMBOLIC 
REPRESENTATION 


parts and wholes description 


and comparison 


--° 
„- 


«г; to EVIDENCE AND 


RATIOS AND PROPORTIONALITY RP 


їо and from 
SYMUULIC . 
REPRESEN SATION 


Use calculatore to compare 
amounts proportionally. 12C/1 


Use, interpret, and compare 
numbers in several equivalent 
forms such as integers, fractions, 
decimals, and percents. 128/2 


Use fractions and decimals, `7 1 
translating whan necessary . | toand from 
between decimals and commonly [^ MATHEMATICAL 
A PROCESSES 
encountered fractions. 128/2... ‚ 





Add, subtract, multiply, and divide 
whole numbers mentally, on 








to and from 

MATHEMATICAL 

, PROCESSES 
4 NC 


eu 


to MATHEMATICAL 
MODELS 


to SCIENTIFIQ с 5 LL 
‘INVESTIGATIONS | Readily give the sums ahd 
differences of single-digit numbers 
In familiar contexts where the 
operation.makas sense to them - 
and they can Judge the | 
‚ | reasonableness of the answer. 
-14128/2 Ns. 










REASONING IN 
INQUIRY -: 


computation ` ) 
zi 119 


PROPORTIONAL REASONING: 


D Est | IBING CHANGE 








D. change’ is: s piübably: one of 
the miost common applications of mathe- 

- matics. Тһе benchmarks 'in: this map ~. 
describe the development ‘of ideas and 
skills about related changes, different kinds.” 

-of change, and invariance in the midst of |. 
change. These. strands of benchmarks cul- 
minate. in two ideas that are ċritical to, lit- 
eraey in ‘science, mathematics, ánd technol- 
ogy but somewhat difficult to grasp. One 
of them is about rates of change; the other 
(which also appears in the other map of 
this. cluster), is about the relationships 

“among linear dimensions, area, and vol- 
ume. _Many benchmarks included in this 
map are, taken' from the CONSTANCY AND 

e CHANGE section in Benchmarks Chapter 

` 11: COMMON THEMES. More general 
notions about change will be mapped in 
the next edition of Atlas. 


NOTES ^ . hs 
| The 6 6-8: benchmark “some ішегезіəд iela | 





_PROPORTIONALITY map) describes the idea 


of: two quantities varying but staying in 


“proportion. In 9-12, more complicated situ- 


ations, such as change proportional to 
squares and cubes and inverse.proportion- 
al change, build from this benchmark. 


ә 


Perhaps the most difficult idea in this тар, 
presented in a 9-12 benchmark, is that 
rates of change of a variable may depend 
on the variable's current value, on the 
value of another variable (as in the rela- 
tionship between force and mass), or on a. 
variable over time (as in population 
growtb or radioactive decay). 


This map includes several explicit connec- 
tions to the GRAPHIC REPRESENTATION and: 
the SYMBOLIC REPRESENTATION maps. These: 
connections are important in considering | 
not only how changing quantities can be 
described but also how they can be useful- 
ly depicted. 





' CLUSTER: PROPORTIONAL 
REASONING 


MAPS: | RATIOS AND PROPORTIONALITY RP 


DESCRIBING CHANGE LC: 





"more re difficult numerical velie: or уйде contexts. 





Problems using ios are easier than problems using 
п:1 ratios, апа сап be solved by elementary-school 

. children (Shayer &  Айеу, 1981), Problems using п:1 ratios 
5 datgieagler: than: problems using other Integer ratios (e.g., 
me Which. In turn are easler than problems using non- .. 
fournaire & base 1985), 






| ‘appear to give mor more or less difficulty ог example, iid 
. „problems. appear. to be more difficult than exchange 
,,probens (Heller et MN 1989; Vergnaud, 1988), Ans 





^К CNN ш” 


Benchmarks for Scleuce Literacy 


120 


(PROPORTIONAL REASONING: ‘DESCRIBING CHANGE TX 


9-12 


to NATURAL 
SELECTION 


Erud 


- changes by some factor, Its area and С MAPAS 
volume change. disproportionately;. . : 





*area'in proportion to the square of ‘ie to ATOMS AND 
. _ factor, and volume іп proportion to Its to SYSTEMS ... 1247 MOLECULES - 
; газе: Properties of an object that ^ Жыла бы change of +- 
= . . depend on its area or volume also zs ds on how © 





Sóiriething else E 


mch ae 
“(as the rate of change of speed 
is proportional to the amount of `~... 
к сш force acting). ..‹98/1 E Soon, 
Things can change in detail but 


remain the same in general (the 
players change but the team 

Use ratios and proportions, | RP bise celis si е iren but the 
-organism remains). ЖҰ 

Including constant rates, in ў rgan mains) ; 

appropriate probleme 128 128/1 

Y 
ER 


-change disproportionately. ...9Cf2 






6-8 to and from 
| SYMBOLIC : E 
REPRESENTATION Rates of change can be computed 
from differences ір quantity and 
m vice versa, ...98/2 
* to AVERAGES . Some inferesting relationships:,. RP 
AND bétween two varlables include 
‚ СОМРАВЗОНУ the variables always having the 
x ‘same difference.or thie'same-: = 
E ratio. (NEW BENCHMARK). — 
The expression a/b can mean RP 
22 different things: a parts of size 1/b : 
1 each, a divided by b, or a ў NONE б 
. Graphs can show a varlety of possible - 
++ compared % s INS: relationship $ between | two variables. As one - 
; < ` varlable increases uniformly, the other may ` 
Е " do one of the following: Increase or de- 
to STATISTICAL : crease steadily, increase or decrease faster 


REASONING 10 CORRELATION 77777 and faster, get closer and closer to some 


j i ER: equations can be used 
limiting value, reach some intermediate ашы ы ыз | to summarize һб the quantity of алайды 
тахїтит ог minimum, alternately increase ‘Womething changes: over ime or 22-22252 SYMBOLIC 
and decrease, increase or decrease In steps, 


Te e REPRESENTATION 
or do something different from апу of these. ‘response to ther changes. 
98/3 ч 104 





3-5 Nd SA | | 






















. to and from 
` GRAPHIC : 
REPRESENTATION 
` Often. the best i way to tell which: Some features of things may stay 
қ; jf chan is ~ the same even when other , ` 
N features change. Some patterns 
“ "measurements. ^. MC ak ae look the same when they are 
“ Things, change, рден, ta and from shifted over, or turned, or 
4 Tables and graphs can show how: ----- CHANGES IN reflected, or seen from different 

values of one quantity are 1 e URNA directions, 11C/1 

to values of another, ' 98/24 i x 

1 
to and from 
CONSERVATION 
OF MATTER 
с Ба 
\ | 
to and from Similar, pattems moy: show up ins | 
MATHEMATICAL ------- 1 X 
PROCESSES 
to and from 
CORRELATION 
; He ейде, ins зоте ways and 
Б т” т stay the same п. some ways.. f 
HV 7 M 
related changes kinds of change invariance 
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STATISTICS: 


AVERAGES AND COMPARISONS 





The most: common use of; statistics is to. 


characterize. апа: compare data sets оп а.. 


single variable, such as height—boys ver- 
sus girls, ог incomes—drdpouts versus 
gracuates. Typically, such use summarizes 
the data for'each set and thén compares 
these sur matics, To summarize data, stu- 
dents need a. notion of what à single “rep- 
resentative” number means. The bench- 
marks in this map ‘progress in three strands 
about control of conditions and influ- 
cnces, comparing groups, and averages and 


spreads. An important notion underlying 
"all of these beachmarks is the usefulness 


of compiling, studying, and understanding 
summary characteristics of data sets, rather 
than just individual data. 


HERMAN" 


© 1990 Jim Unger 


“How do you expect me-to average 55 
miles an hour if | don't speed?" 





NOTES . 
Many benchmarks i inthe averages and 
spreads : strand use.the term “middle” to 
refer to the mean,: median, and mode. The 
more: valid. phrase ‘single number summa- 
ry of the group Tocation" is unwieldy. 
Strictly speaking, the mode does not neces- 
sarily describe the middle of a data set, but 
is used in comparable ways—as represen- | 
tative of the most common or "typical" 
members of a group. 








If the data distributions are not symmetri- 
cal, means апа medians can be quite differ- 


‚еп. But for literacy, these differences are 
‚ not as important as the notion of variation 


around averages. Perhaps most important - 
of all is for students to understand the limi- 


.tations of a single average for summarizing 


any given data set—it is important to also 
рау atterition to the range. 


The process for finding the mean is taught 
to many students before they have any idea 
of what averages are good for. In this map 
the benchmark that requires students to 
find averages themselves is delayed until 6- 
8, after students understand different kinds 
of averages апа how they can be presented 
as answers to meaningful questions. 


CLUSTER: STATISTICS 


Y 


MAPS: AVERAGES AND COMPARISONS АС 
CORRELATION C 
STATISTICAL REASONING 58 












g | Шо computing the. фы and relate it to 
^ it Depp in 





jl Va " approximation ` Е 

yeral values ( (Mokros: & Russell, 

rs Jle-school students cannot use the- 
реал: QD ү two ffer sized sets of data (Gal et. 

“al, 1990); підп" School et nts may believe the mean is: 
the usual or typical value (Garfield & Ahlgren, 1988); 

‘students (or adults) may think that the sum of the data .. 

. values below:the mean is equivalent tc the sum above 

d ет mean’ (rather than that the total of the deviations 

| elow: the mean is equa! to the total bove) (Mokros & 















"in the middle schoo grades, to the mean, асығы 
au duction: i algorithm fo for computing the mean __ 
` rom: ТОПО ‘context тау: Ыоск students 
from understanding what averages aie for (Mokros & 
Russell, 1992; Pollatsek et al., 1981). 


9-12 


:3-5 





Notice and criticize arguments 
... | when... absolute and proportional 
- quantities are mixed (as іп "3,400 
` more robberies in our city last year, 
whereas other cities had an 
increase of less than 1%").12E/1... 


- Both percentages and actual C 
counts have to be taken into 
account in comparing different 
grour 5; using either category by 
itself could be misleading. 9D/5 


from RATIOS AND 
PROPORTIONALITY 









Notice and criticize the reasoning |С 
in arguments in which... all 
members of a group are Implied 
to have nearly identical 
characteristics. 12E/5 








Notice and criticize the reasoning C 
in arguments in which... no 
mention is made of whether the ^ 
control groups are very much like 
the experimental groups. 12Е/5 











Recognize when comparisons 
might not be fair because some 

conditions are not kept the same. 
1202 










Notice and criticize arguments 
when... average results are 
reported, but not the amount of 
variation around the average. 
128A... 


Choose appropriate summary 
statistics to describe group 

А differences, always indicating the 
spread of the data as well as the 
data's central tendencies. 12D/3 


>. from GRAPHIC 
REPRESENTATION 


22 


Comparison of data from two 





groups should involve comparing. 
:both ihelr middies and the: * ^ din 3 
. spreads around them, 90/4 Find the mean, median, 
' and mode of a set of 
s data. 128/4 


. Asummary of data includes 






The middle of a data distribution 
may be misleading—when the · 
data are not distributed 
symmetrically, or when there are 
extreme high or low values, or 
when the distribution Is not 
reasonably smooth. 90/3 


to and from 
SYSTEMS 


The mean, median; and mode tell 
different things about the middle - 
of a dé ta set. 90/3 


where the middle Is and how 
much spread is around it. ...9D/4 


| 


Spreading data out on a number 


ES ` р 
^. x line helps to see е MAE PPS Sakae 
Мэ жо and from extremes are, where they pile up, REPRESENTATION 
~ SCIENTIFIC : and where the gaps аге. 90/4... + 
INVESTIGATIONS Use numerical data " 
: to and from Іп describing and 
v MATHEMATICAL ---- ibing а , 
a PROCESSES comparing objects 
” and events, 12D/3 
2 h 
E Pd / 
to DECISIONS E / 
ABOUT USING » to EVIDENCE AND / 
2 REASONING ІМ б 
ere оон КОЛО ГА to MATHEMATICAL 
` / Ж. Ds Pi MODELING 
` ^ КИ “ / n j 
я зан a 
4 H 





алар e people arene sure 4 
jwhat will, appen because et К 
{боя Буе ПЧ 2 
"ul ret B ; 


to SOCIAL 
DECISIONS 





control and 
conditions 







color, and motion. 12D/1 





comparing groups 










Describe and compare things d “Numbers cari bë шй: , to MATHEMATICAL c. 
in terms of thelr number, cece _ to RATIOS AND count things, place them In: 7 77777 PROCESSES. * 
shape, texture, size, weight, . PROPORTIONALITY : order c or nam thém.9A/1 :. ‘ en 


_avehages: ane 
апа ‘spreads 


123 
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STATISTICS: 


CORRELATION 


ui predictability of one variable кой i s 






another is ап app: ent "correlation"— 
although that does not mean: that one dif- 
ference causes the: other. Intuitively, corre-. 
lation. is an easy concept (e. 8. taller peo- 
ple tend ғо Бе heavier), buta common 
error is the assumption of causation or 
correlation on the basis of simple co- 
occurrence. No day goes. by without a . 
rcport in the media about a new correla- 
боп. Such reports rarely | even hint at any 
other possible explanations: the cause 
might be in the opposite direction, the 


result of some other variable altogether, or 


just random variation in the. data. 
This map develops an understanding of 


correlation from benchmarks about related : 
' chaages in variables and attention to other 
` variables that might have an effect. This 


map does not deal with the strength of a 
correlation— which can obviously vary sig- 
nifivantly. For students who go beyond . 
basic literacy, however, strength of a corre- 
lation would be a logical next step. 


FRANK & ERNEST® by Bob Thaves 


SS 





NOTES . 


Most of the: benchmacks in this raap also ` 
appear in other maps. There are particular- 


ly strong connections.to the'GRAPHIC 
REPRESENTATION map, because graphic dis- 
plays are so important in communicating 
and analyzing the relationships discussed 
here. There are also several important con- 
nections to the SCIENTIFIC INVESTIGATIONS 
map (in Chapter 1), because investigations 
often focus on the nature of a relationship 


between two variables. 


“Тһе 9-12 benchmark "Both percentages 


and actual counts..." (which also appears 
in the AVERAGES AND, COMPARISONS map) | 
contributes to subsequent benchmarks 
about correlation. Support for this bench- 
mark, such as understanding the distinc- 
tion between a proportion and an absolute 
quantity, appears in the RATIOS AND 
PROPORTIONALITY map. 


‘The 9-12 skill benchmark “Use and correct- 


ly interpret...” suggests that if students are 
to understand correlation and causation 
and how to use them in arguments, they 


‘first need to grasp some basic principles of 


reasoning (which can found in the 
REASONING section of Benchmarks 
Chapter 9). This topic will be mapped its 
the next edition of Atlas. 


ш I THINK I'LL 


GET A 
TOUPEE. 


© 1992 by NEA, inc. 
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AVERAGES AND COMPARISONS АС 
CORRELATION C 
STATISTICAL REASONING SR 





9-12 
to and from | 
to NATURAL SCIENTIPIC 
SELECTION THEORIES 
m 





Wonder how likely it is that some 
event of Interest might have 
| occurred just by chance. 12/3 








Use and correctly interpret | 
relational terms such as if... 
"then..., and, or, sufficient, i 
necessary, some, every, not, 1 
. | correlates with, and causes. 1205! 








6-8 







OTATISTICS: COKKELAI3TUON C 


A correlation between two varlables -- . А 
doesn’t mean that one causes the 
other; perhaps some other variable 
causes them both or the correlation... 
might be attributable to chance alone. 
A true correlation means that 
differences In one varlable imply 
differences in the other when all other 
things are equal. . .9D/6 


Considering whether and how 
two variables are correlated 
requires Inspecting thelr ` 


TN 








distributions, such as in two-way Both percentages and actual AC 
Р La tables or scatterplots, 90/6... жей counts have to be considered in 
~ . comparing different groups; using 
either by itself could be 
misleading. 90/5 


to and from 
SCIENTIFIC 


2 


INVESTIGATIONS 








tei 


‘If more than one variable changes at 

| the same time in an experiment, the 

` outcome of the experiment may not be 
| Clearly attributable to anyone | 

i. variable. It may not always be possible 
to prevent outside variables from 
Influencing an Investigation (or even 
to Identify all of the variables), 18/2 



















Organize Information іп simple 
tables and graphs and Identify 
relationships they reveal. 12D/1 


M —— ——4 





SR 





5 to and from ` 
GRAPHIC 
REPRESENTATION 


2” 


2 
2 









е 


from RATIOS АМО 
PROPORTIONALITY 


Graphs can show a varlety of possible 
relationships between two variables, As оће, 
variable increases uniformly, the other nay 
do one of the following: increase or 
decrease steadily, Increase or decrease 
faster and faster, get closer and closer to 
some limiting vale, reach some 
„77 Intermediate maximum or minimum, 

: alternately increase апа decrease, increase · 
or decrease In steps, or do something 
different from any of these. 98/3 


Notice and criticize the t 
In arguments In which .. 
mention is made of whe 
control groups are very | 
the experimental groups 









Ll 
boning {AC 





r the 


h like 
cH 








3-5 ^ 








to SOCIAL 
DECISIONS: 


| 






Recognize when comparisons 
might not be fair because some 

conditions are not kept the same, 
1282 












to SYSTEMS 


control and 
| conditions 





to and from 
DESCRIBING 
CHANGE 


` toand from - 
SCIENTIFIC 
INVESTIGATIONS 


to DECISIONS 
ABOUT USING 
TECHNOLOGY 













Tables and graphs can show how 
values of one quantity are related 
to values of another. 98/2 















related changes 


f 125 
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“STATISTICS: 


STATISTICAL REASONING 





T map presents.a a progression of ideas. 


and skills that focus on finding. and inter- 
preting patterns iti data—andion recogniz- 
ing the limitations of such knowledge. 
Three interrelated strands. of benchmarks 
convey the central developing notions: 
probability, prediction, апа. ‘sampling. 
Probability and prediction depend on 
information about similar situations in the 
past ог оп counting the logical possibili- 
ties. The strand about sampliùg considers 
how much people can learn about a col- 
lection of things Бу studying only some 


„part of it. These strands converge on a set 


of largely cautionary benchmarks about 
the limitations and possible misuse of sta- 


tistics. Related topics of modeling, number - 


sense, апа measurement will be mapped in 
the next edition of Atlas. 


N oT ES 
A central issue in. statistical reasoning is 


_the:notion of populations. ‘versus individu- 


als, For example, a difficult idea i in the 3-5 


benchmark "Statistical redictions. ..” states 
i that predi ictions cannot tell which mem- 
bers of a group will have some characteris- 
ic, even though they may do very well at 
telling about how many of a group will 


have it. This idea may be very difficult for 
students to grasp. 


The 6-8 benchmark "If more than one vari- 
able..." depends on the development of 
several benchmarks that are left off this 
map due to space. The complete strand of 
benchmarks that support this idea can be 
found on the CORRELATION map in this 
cluster, or on the SCIENTIFIC INVESTIGATIONS 
map Gn Chapter 1). 


Benchmarks in the sampling strand deal 
largely with the problems and biases that 
can arise in choosing samples from a pop- 
ulation. A particularly difficult idea that . 
bears on many published studies is that 
fairness in sampling is more important 
than the size of the sample. 


Two 6-8 benchmarks deal with how 
probability can be estimated on the basis 
of either the record of past occurrences 

or the assumption that all possibilities are 
known. A subtlety is that all Énown possi- 
bilities are also assumed to be equally likely. 


, CLUSTER: STATISTICS 


MAPS: AVERAGES AND COMPARISONS AC 
CORRELATION C 
STATISTICAL REASONING SR 








Jess іліп | awe. 5. children have | 


i Ж d kis апнеа, 1 1975; 








ón the procedure (Fischbein 
ly: because students. at: this: ;* 
part" ather than “part 10. 
теп, and Ha Women ther 


mentary s students s begin to understand that. 
sé in regularly: of a sample. distribution 


Б TS DD 












ion end jag their falur 


ta 


EA law d "mall ^ 





. Extensive earch ints to о several misconceptions 
еа soning ‘that are similar. at all age ` 

апі ate fou toù nd even among experienced’ 

em paneSlovic. 8 Tvershy, 1982... .. 

5199) al common misconception is the” 


ding `0 which an event 



































STATISTICS: 








9-12 
А to and from 
Ы Even when there are plentiful MATHEMATICAL 
b lt may a ксы ec m. EN When people estimate a statistic, 
n ола т i to ш or a ` they may also be able to say how 
йы ы ЖЫ fed -far off the estimate may be due to 
chance. 90/2 
models. 9D/1 
Жж The usefulness of a mathematical 
; { icting may b 
A physical or mathematical model —— шығы; by pena ee А ы 
ta ATOMS AND can be used to estimate the — —__—_———- 
“MOLECULES 7077777 probability of real-world events. measurements, or by neglect of 
90/8 some important influences. ...9B/3 
[i 
ET i 
1 
i 
— h | 
n 1 
6-8 | 
i 
t 
i 
CR t 
КҮЛҮН Коти. Estimate probabilities | Н 
*- REASONING IN | of outcomes in 
INQUIRY ' familiar situations, і 
р on the basis of i 
! history or the number How probability is estimated і 
! of possible outcomes. |, depends on what is known about. р 
Н ж 128/10 the situation. Estimates сап Ве... from GRAPHIC 
formati . based on dats from similar: *EPRESENTATION 
„| Locate information ^ conditions In the past ог on.th D 
у т ee assumption that all the" : 
`| and magazines, compact : Probabilities are ratios and сап be possibilities a'e known. зу re 
„ | disks, and computer expressed as fractions, decimals, / 
' | databases, 120/3 percentages, or odds, 9D/2. / 
“ D 
N , 
Use, Interpret, and E to SYSTEMS 
compare numbers іп AN. e 
equivalent forms such | ___ "e E 
as integers, fractions, | — 7777777 ----- Ru. to and from 
decimals and percents, | 0| [| qv RATIOS AND 
128/2 PROPORTIONALITY 





3-5 А ' Even very unlikely 

И М „events may occur. 
“fairly often in very 

large populations, 


++ 9D/3 


ZEvenis cán be described in terms > 
‘of teing more or less likely, . 
impossible or села, 90/5... /, 


E ‘Some things аге mote likely to “= 
бри! than others; 90/1... 


probability 


how! often’ ‘something will happen ше 






Statistical predictions (as for rainy 
days, accidents) are typically 
better for how many of a group 
will experlence something than 
for which members of the group ~———____ — ; 


will experience it—and better for ee рейске ае usually 


шоп; of events than for just 
Some predictions can be based on = afew. 90/3... 


what Is known about the p 





than for exactly when. 9D/2 





pretty much the'sámé how: 90/1” 2 








to SOCIAL 
DECISIONS 






to DECISIONS 


Some event can be aredicted s 
BATRA seers eee ABOUT USING . 


well. and soine (алло: Әр ЖЕ TECHNOLOGY 
prediction 


to SYSTEMS 


{Often a person can find out about 


lho SCIENTIFIC . 
INVESTIGATIONS 


STATISTICAL REASONING SR 






Notice and criticize arguments. 
when... a percentag or fraction 

b given, but not the total sample + 
Size (as in "9 out of :0 dentists | 
recommend..."). 12Е/1.. | 


E 


For a well-chosen sample, the size 
of the sample is much more 
Important than the size of the 
population. To avoid intentional or 
unintentional.bias, samples are 
usually selected by some random 
system. ...9D/7 


reris edo td 


' je skeptical of arguments based | 
е very small samples of data, 
biased samples, or samples for 
Je which there was no control 
sample. 12Е/3 


The larger a well-chosen sample 
1, the more accurately It Is likely 
to represent the whole, But there 
are many ways of choosing a 
sample that can make it 
‘unrepresentative of the whole. 


If more than one variable changes. С 
at the same time in an 
experiment, the outcome of tne 
experiment may not be clearly 
attributable to any variable. It may 

not always be possible to prevent 

_ outside variables from influencing 
an investigation (or even to 
identify all of the variables), 18/2 


to and from 
SCIENTIFIC 
INVESTIGATIONS 


A small part of something may be 
special in some way and not give 


. an accurate picture of the whole, 


90/5... 






















a group of things by sting e қ x 
за few.of them. 9D/2 - 


sampling ` 
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Earth-centered апа sun-centered models of the solar system, 16th century 


+ 


Е) 


Грете are two principal reasons for including some knowledge of history among tbe 
'ecommendations. One reason is that generalizations about how the scientific enterprise 
ретаіеѕ would be empty without concrete examples» Consider, for example, the proposition 
hat new ideas are limited by the context in which they are conceived, are often rejected by 
be scientific establishment; sometimes spring from unexpected findings; and usually grow 
lowly, through contributions from many different investigators. Without historical 
xamples,.tbese generalizations would бе nu more than slogans, however well they might be 
emembered. For this purpose, any number of episodes might have been selected. 


1 second reason is that some episodes іп the history of the scientific endeavor are of | 
urpassing significance to our cultural heritage, Such episodes certainly include Galileo's 
ole in changing our perception of our place in tbe universe; Newton's derionstration that 
be same laws apply іс motion in the heavens and on carth; Darwin’s long observations of 
be variety and relatedness of life forms that led to bis postulating a mechanism for bow 
bey came about, Lyell’s careful documentation of the unbelievable age of the earth; and 
'asteur's identification of infectious disease with tiny organisms that cot:ld be seen only 
vith a microscope. These stories stand among the milestones of the development of all 
bought in Western civilization. 


SCIENCE FOR ALL AMERICANS 


CHAPTER 10 HISTORICAL PERSPECTIVES 


Í, Science for All Americans and Benchmarks for Science Literacy, Chapter 10 focuses on 
some important episodes іп the history of science, mathematics, and technology. Some bench- 
marks from this chapter.appear in a few maps in the other chapters of Atlas of Science : 

23 Literacy. But there аге no maps included in this edition of Atlas that focus on these historical 
episodes. Most of the historical benchmarks do not appear until high school and do not lend 
themselves to the kind of conceptual strands depicted in the maps іп Atlas. However, relevant 
historical episodes are discussed in the commentary that accompanies each ma». The com- 
mentary usually refers to Science for All Americans as well as Benchmarks, because these his- 
torical stories are particularly well-suited to the narrative style of Science for All Americans and 
may be most fruitfully studied there. 


The historical episodes are.important for literacy in science, mathematics, and technology іп 
their own right as well as being adjuncts to'many of the other topics in Benchmarks. 
Furthermore, historical episodes can be very useful for some instructional approaches. 
Benchmarks іп the CHEMICAL REACTIONS пар (in Chapter 4), for example, could be enriched by 
some study of the ideas of Lavoisier and Dalton. Historical episodes can also provide specific 
instances likely to help students understand the general principles of the nature of science, 
mathematics, and technology (іп Chapters 1-3). 
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Blanket, Possibly Songhai people, Niger, ca. 1960 
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SCIENCE FOR ALL AMERICANS 


CHAPTER 11 COMMON THEMES 


MAP: SYSTEMS 


Th benchmarks from this chapter are inevitably general and could be related to almost any 
map and enrich almost any topic. As a result, it is usually impractical to single out connections 
between these benchmarks and particular benchmarks in other maps. To prevent unnecessary 
clutter, theme benchmarks appear explicitly on the maps in the other chapters of Atlas of 
Science Literacy only when conceptually necessary for understanding a particular’ topic. 
Relationships to a them? that are significant or insightful but not necessary for growth of 
understanding are mentioned in the map commentaries. Beyond how they relate to the other 
topics, common themes are important for literacy because of the general perspectives they 
off г. And, just as any other topics in science literacy, they must develop over time. 


SYSTEMS 


This chapter includes one map about general 

notions related to systems. Related topics 

from this chapter in Benchmarks about 

modeling, change and constancy, and scalc 

will be mapped in the next edition of Alas. ~ 
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| („саке object prc 
' events às systems js:a useful and кы Са 











tool in science, mathematics, and: technolo» 
gy. We talk: about ecosystems; the solar = 


` system, n number ‘Systems, social systems, . 


and many more, Éven in topics in which : 
the term "system" i is. not commonly made 
explicit, ideas such as: boundaries, feed- 
back, and emergent properties can be . 
very useful. | 1 

This map focuses оп general aspects of 

systems thinking. Four strands of bench- 
marks suggest the major ideas involved. 
about boundaries, interacting parts, emer- 


“gent properties, and complexity. This map 


is relevant to a wide range of other topics 


in the natural and social sciences and tech- . 
. nology (especially the DESIGNED SYSTEMS 


тар in Chapter 3). For the development of 
curriculum or instruction, it could be use- 
ful to. approach many topics from a sys- 
teins point of view (e.g., cells as operating 
systems and energy conservation as a 
property of closed systems). 


Calvin and Hobbes 


"NOTES - 
DE The central 68: "benchmark "Thinking 


| about things'as: systems...”.and its simpler 
3S precursor" “Іп something: that consists 





B via of: the онен of sys- 
‘tems, emergent properties, troubleshoot- 
ing, and using systems analysis depends on 


their being able to grasp the importance of 
relationships.among parts of a system. 


“Тһе benchmarks іп the emergent proper- 


ties strand may be especially difficult for 
students. A 3-5 benchmark taken from a 
Benchmarks essay sets up the idea that 
collections of parts can behave in ways in- 
which the parts cannot. This benchmark is 
largely observational, but the idea should 
develop so that by 9-12 students can 
understand that new properties arise due 
to the interaction of parts. 


A sequence of skill benchmarks near the 
center of the map most directly addresses 
mechanical systems. These benchmarks 
are included here because they suggest 
basic habits of mind and support more 
general benchmarks about systems that are 
relevant to’a wide variety of topics. 


The complexity strand is closely related to 
other common themes about scale and 
change, which will be mapped in the next 
edition of Atlas, The K-2 benchmark in 
that strand serves as a root for many other 
topics—as indicated by its connections to 
other maps. The idea of multiple effects 
and predictability is a fertile notion that 
can contribute to students later coming to 
understard investigations, decision-making, 
and statistics. 


by Bill Watterson 
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апу kind can be facifitated by systems decide on that basis whether to _ differences in conditions that their - 
" janalysis; defining a system, It Is (cand from make a change or get advice from precise behavior is unp.edictable, 

important to specify its boundaries and ATOMS AND an expert before proceeding. 12С/3 even if all the. ше юг iki аге 

“subsystems, Indicate its relation to other MOLECULES known.'11C/7... ; wand fion 
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` all parts of one from all parts of those parts. МАЙ 24-45 systens, it may not always be system grows ini зге the number 
the other. (SFAA, p. 168) е possible to predict accurately the of possible Internal Interactions 
А . result of changing some рай or increases much more rapidly, 
connection, 11A/4 . roughly with the square of the 
number of parts. 110/3... 
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Page from a Leonardo da Vinci notebook, 15th-16th centuries 


Throughout history, people have concerned themselves with the transmission of shared values, attitudes, and 
skills from one generation to tbe next. All three were .augbt long before formal schooling was invented. Even. 
today, it is evident that family, religion, peers, books, news and entertainment media, and general life 
experiences are the chief influences in shaping people's views of knowledge, learning, and other aspects of life. 
Science, mathematics, апа technology—in the context of scbooling—can-also play a key role in the process, 
Jor they are built upon a distinctive set of values, they reflect and respond to tbe values of society generally, 
and tbey are increasingly influential іп shaping shared cultural values. Thus, to tbe degree that schooling 
concerns itself with values and attitudes—a matter of great sensitivity in а society that prizes cultural 
diversity and individuality and is wary of ideology—it must take scientific values and attitudes into account 
‘when preparing young people for life beyond school. | 


Similarly, there are certain thinking skills associated with science, mathematics, und technology that young 
people need to develop during their school years. These are mostly, but not exclusively, mathematical and 
logical skills that are essential tools for both formal and informal learning and for a lifetime of participation 
in society as a whole. | 


SCIENCE FOR ALL AMERICANS 


pen ү. HABITS OF MIND 


I. Science for All Americans and Benchmarks for Science Literacy, all the benchmarks that 
call for students to be able to do something (rather than know something) are collected in 
Chapter 12. In Atlas of Science Literacy, however, skill benchmarks are explicitly related to rel- 
evant knowledge benchmarks and can be found in maps throughout the book. Гог example, 
benchmarks from the CrRITICAL-RESPONSE SKILLS section in Benchmarks Chapter 12 show up 
in A-las in the STATISTICS cluster in Chapter 9: THE MATHEMATICAL WORLD and the 
SCIENTIFIC INQUIRY Cluster in Chapter 1: THE NATURE OF SCIENCE. 


There is a risk in placing skill and knowledge benchmarks together on the maps. When a skill 
benchmark connects to a knowledge benchmark, it can be misinterpreted as merely an instruc- 
tional “exercise” used to achieve the knowledge or as an “application” to test for it. Skills 
benchmarks definitely contribute to and draw from knowledge benchmarks, but should be 
seen as goals to be achieved for their own sake. It is also important to recognize that in terms 
of actual instruction, there are many more possibilities for relating skills and knowledge than 
are represented on the maps. i | 

The maps do not follow an overall rule of skills before knowledge or vice versa. In some cases, 
to understand an idea, students have to first acquire some basic skill. On the other hand, some 
research suggests that having students practice and memorize particular procedures before 
understanding them can actually impede their later understanding. The sequence of bench- 
marks in the maps is decided case by case. Whether skills or knowledge, the benchmarks are 
arranged according to their specific content and the context of the map. Their arrangement in 
the maps should at least inspire useful debate about the specifics of particular iceas and skills. 
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Paul Klee Mural from the Temple of Longing, Thither, 1922/30 


_For a more complete discussion of 
the development of Benchmarks 
and the influence of mapping on 
that, process, see Benchmarks 
Chapter 13: THE ORIGIN OF 
BENCHMARKS. 
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REFLECTIONS 


A Пав of Science Literacy provides a collection of strand maps that show connections :.mong the 
benchmarks that lead to literacy in science, mathematics, and technology. It also promotes thinking 
through how students’ understanding develops over time as an essential part of getting students to attain 
basic literacy. In this section we reflect on the strand maps—their history, the issues raised by the map- 
ping process, and the methods used in mapping. Understanding this background may, in the long term, 
be just as important and useful for educators as the particular set of maps in this first edition of Atlas. 


ORIGIN OF STRAND MAPS 


T. strand maps grew out of a conceptual per- 
spective on K-12 education in science, mathemat- 
ics, and technology that predates the publication 
of Sciencé for All Americans or Bencbmarks for 
Science Literacy. The kind of thinking that goes 
into mapping is inextricably tied to Project 2061's 
vision of science literacy and how science educa- 
tion needs to change. 


CREATING BENCHMARKS & 
FOR SCIENCE LITERACY 


From the beginning, Project 2061 recognized the 
need to portray the conceptual steps along the 


way to adult science literacy. Deciding on adult lit- 


eracy goals in Sclence for All Americans often 
involved imagining what the conceptual steps 


Figure 6: Part of an early map on natural selection. 
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would be and whether they were plausible for 
all students. After publishing Science for All 


„Americans іп 1989, Project 2061 cngaged six 


school-district teams in building curriculum mod- 
els aimed at the goals laid out in $сїепсе for Ай 
Americans. The Project 2061 staff prepared this 
message to convey to the teams its concern with 
students’ growth of understanding: 


If we invest our cnergics in selecting or 
inventing activities апа placing them 
intuitively at different grade Icvels, we 
will fall short of the quality of innova- 
tion that Project 2061 intends. The job is 
rather to think through the entire flow 
of learning, including the major connec- 
tions among ideas, so as to identify the 
kinds of learning experiences that 
would optimally contribute to students 
growing along those lines. 


Before beginning to design curricutum models, 
each team began "mapping" the development of 
ideas and skills from kindergarten to.graduation. 
The teams soon agreed on the need for a common 
set of precursors to the literacy goals in Science for 
All Americans that could be the basis for designing 
and organizing learning experiences. 


The effort to specify a common set of precursors 
led to Benchmarks for Science Literacy. No com- 
plete set of maps was sketched in the develop- 
ment of Benchmarks, but attentioa to-connec- 
tions among the benchmarks’ was a major part of’ 
the effort. Part of a map about natural selection | 
that was used in the development of Benchmarks 
is shown in Figure 6. 


An early draft of Benchmarks included super- 
Script letters placed next to y each benchmark to 
indicate strands of development across grades. 
This coding; ‘reflected the-kind of thinking behind 
Benchmarks, but reviewe: agreed the super- 
scripts were difficult to: understand. Consequent- 
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-+ ly, connections among benchmarks were not. 
made explicit it. But the. naporan of thinking 





= ы. | WORKING WITH BENCHM, Ks. 


Benchmarks on Disk (AAAS, 1995) ` 
includes a couple dozen rudimenta- · 
ry maps. Users can "click" оп-а un 
code in each box to call up the text И 
of the benchmarks. 


As educators’ begin using анаан and other 
sets ‘of learning goals, it became clear that the 
explicit, detailed connections among the berich- 
marks in the maps could help people use and 
understand Benchmarks better. 


As carefully as Benchmarks was written, it still 
requires considerable study to see what specific 
ideas and skills are expressed in the benchmarks, 
(People often see the benchmarks and other stan- 
- dards as loose topics rather than specific ideas 
and skills.) In Project 2061 workshops, for exam- 
ple, participants study the precise meaning of 
individual benchmarks by reading corresponding 
sections in Scence for АЙ Americans and in the 
Benchmarks essays, and by studying benchmarks 
at different grade levels, the “Also See" boxes, the 
cognitive research, and a relevant map. Maps help 
workshop participants to understand a bench-. 
mark by clarifying its context: where it comes 
from, where it leads, and how it relates to other 
benchmarks. 





Figure 7: A partial map about the water cycle. 





6-8 


И The cycling of water in and out of V 
А the atmosphere plays an important 
role in determining climatic 
patterns, Water evaporates from 
the surface of the earth, rises and 
cools, condenses Into rain or snow, 
In solids, atoms or molecules are and fails again to the surface. The 
4 locked in position and only vibrate. water falling on land collects in 
In liquids, they are more Jgosely rivers and lakes, soll, and'porous 
Connected, can slide past one layers of rock, and much of it flows 
another, and may get enough back inio the ocean. 48/7 
energy to escape Into a gas. In 
* gases, they are mostly free of each 
other, ...4D/3 





3-5 When liquid water disappears, It 
tums Into a gas (vapor)'in the air 

қ and can reappear as a liquid when 
‘Airis a substance that Nr d cooled, or a solid if cooled below 
surrounds us and takes the freezing point of water. 48/3 

up space. 48/4... 





Water сап be a liquid or a solid 
and can go back and forth from 


Water left In an open 


‘container disappears, one form to the other. If water is 
but water in a closed turned into ice and then the ice Is 
container does not allowed to melt, the amount of 
disappear. 48/3 water ls the same'as It was before 


freezing, 48/2 
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Consider the following primary-school benchmark: 


Water left in an open container disap- 
pears, but water in a closed container 
does not disappear. 


When workshop participants first see this bench- 
mark, they often assume it asks students to under- 
stand evaporation. A map shows this benchmark 
leading to a later benchmark about water turning 
into vapor in the air. The growth of understanding 
about evaporation is represented in part of a map 
shown in Figure 7. 


This context makes it clear that primary-school 


students need only know that water in an open 


container disappears—and that they should wait 
to grapple with the idea of, and the mechanism 
for, evaporation. 


Maps also help in other ways. Practically, there is 
some value in simply having all the benchmarks 
relevant to a particular topic on a single раве. . 
What is more important, the connections in the 
maps make it clear that the benchmarks are a 
mutually supportive set—educators who would 
pick апа choose among them should give careful 
consideration to how they depend on one another. 


In the evaluation of textbooks, strand maps help 
analysts recognize whether the proposed instruc- 


tion addresses the specific benchmark or only 


something under the same general topic heading, 
and whether it is presented at an appropriate level 
of sophistication. The maps also point out precur- 
sors and important connections that textbook 
developers should take into consideration when 
creating and sequencing learning experiences. 


CREATING ATLAS OF SCIENCE LITERACY 


The development of Atlas drew on the work 
done on maps for other Project 2061 publica- 
tions. The maps in this book are not drastically 
different from the earliest maps—certainly the 
spirit of thinking through growth of understand- 
ing is the same. Nevertheless, creating the set of 
maps in Atlas demanded extensive development 
and required informal and formal reviews, numer- 
ous workshops, and feedback from map users 
engaged in training teachers, designing curricu- 
Ium materials, and other specific tasks. Maps that 
included and were accompanied by different 
kinds of information—and maps of different 
sizes— were developed and tested. 


The reviews and feedback on alternative 
approaches raised questions about the meaning 
of the connections and benchmarks, the most 
useful and comprehensive size for a map, and the 
supplementary information readers would want 
or need. As a result, the maps in Atlas have taken 
on some new features compared to earlier maps 
made at Project 2061. 


ISSUES 


Daz the development of Atlas, Project 2061 
and its collaborators faced a number of issues, and 
considered many conventions and enhancements 
for the maps that we were not able to include іп 
Atlas. The follo wing discussion is intended to 
enhance the reader’s understanding of the maps 
by clarifying the decisions we made in producing 
the maps, laying out some future possibilities for 
maps, and sharing some insights and lessons 
learned with educators who may consider making 
maps of their own. 


TITLES, TOPICS, М 
AND THE ТОР ОҒ THE МАР 


To help the reader to locate the ideas and skills 
they are interested in, we have tried to character- 
ize the content оѓ each map by using a title that 
reflects the map’s content and conveys something 
that is both worthy and interesting to the reader. 
But naming а map becomes problematic when its 
content does not correspond exactly to tradition- 
al topics in the curriculum. (Some of the bench- 
marks included in a map may be commonly con- 
sidered outside of the topic at hand.) Naming a 
map according to the best-fit familiar topic risks 
imposing traditional conceptions of that topic 
onto the map. But a novel title for a map, even if 
it characterizes the content well, may leave the 
reader uninterested ог confused. 


Characterizing the content of a map can be fur- 
ther complicated because the high-school bench- 
marks placed at the top of the map can appear to 
Бе the sole aim of the growth of understanding—. 
the payoff of the map. Sometimes, however, what. 
the map is about is not captured in- only: the - 
benchmarks along the top. Earlier benchmarks can 
be significant for literacy. In the: ‘ATOMS: :АМО 
MOLECULES map (in Chapter 4), for example, рай 
of what studenis should understand. is.that.there 


Because of the perspective mapping provides on 
the coherence and completeness of a set of learn- 
ing goals, the Atlas maps include some bench- 
marks that are modifications of or additions to 
those presented in Benchmarks.And due to the 
importance of the larger fabric of ideas and skills 
from which any one map is extracted, we have’ 
paid close: attention in Allas to connections - 
between the maps. 


are roughly 100 (пос 10 or 1000) elements, which 
is expressed in а middle-school benchmark. The 
top of the map should be seen neither as a sole 
endpoint nor as a summary of the content of the 
map. 


INTERPRETING MAPS 


The representation of benchmarks as part of a 
fabric of ideas and skills can stimulate a range of: 
discussions about what educators can expect stu- 
dents to know and be able to do—and how to 
help them achieve that. Teachers can use the 
maps to point out areas of concern in the curricu- 
lum and discuss what needs to happen in particu- 
lar courses and grades. A map allows people to 
step back and think about the bigger picture. This 
can lead to interesting and insightful perspectives 
that are less apparent in a list of benchmarks. 


There are, however, some risks in looking past the 
details to focus on the bigger picture. Maps might 
make a poor set of learning goals look good by 
giving them the appearance of a coherent frame- 
work. The real value of a map depeads оп its hav- 
ing important, specific, and mutually supportive 
learning goals—something that can be evaluated 
only by close inspection. А 


Incidental characteristics of the map can be over- 
interpreted. Middle-school teachers looking ata — 
map could conclude, based оп the number of ` 
benchmarks in middle: school, that they have 
more work to do than. teachers in the other ` 
grades. Or the number of connections to and 


from а bénchmark could be taken. as. an indication 


of the importance of that benchmark, 


Ә-Ә such | interpretations: may bẹ valid, ey 


- should not: Бе based: on ‘the “visual efféct of the 





map.alone.. Jt; will. take: lose study c of specific. 
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ur DIFFERENT SETS or E EARNING GOALS 


ENT Mapping сап: be atternpted ixrith any reasonably 


D coherent and specific set of learning goals, such 


“ав those contained in National Science Educa- 


tion Standards (National Research Council, 
1996), state and local frameworks, or even infor- 
mal ideas about what students should know and. 
be able to do. Indeed, it could be beneficial for 
educators to map their own state or district learn- 
ing goals. 


` To lend themselves to mapping, however, learning 


goals have to be specific enough for clear connec- 
tions to be made between them. A learning goal 
that states students should understand "energy" 
could be connected to a huge number of other 


ideas. But without specifying exactly. what it is 


about energy students need to understand and at 
what level of sophistication, it is difficult to make 
connections that clarify growth of understand- 
ing—that is, what they would need to know 


Figure 8: Part of a pictorial map about graphing. 
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beforehand to prepare, or what later ideas their 
understanding of energy could contribute to. 
Figure 8 shows an alternative representation of a 
goal ‘progression, using a sequence.of pictures to 
represent students' growth of understanding 
about graphic representations. | 


To produce helpful maps, а set of leatning goals. 
also has to be complete and coherent-enough їс ` 
provide a helpful overall framework—all the con- 
ceptually important ideas or skills need to be 


there іп the first place. Of course, the process of 


mapping is also a good way to determine whether 
a set of goals is complete and ccherent, and what 
ideas or skills need to be added if it is not. 


ADDING TO THE MAPS 


Maps сап include components other than learn-. 
ing goals, such as commonly held ideas that stu- 


. dents likely already have and that, if invoked, may 
contribute to learning. Though not a learning 


goal, this kind of addition to a map can help 
teachers and educators think about how to help 
students achieve some idea or skili important for 
literacy. A map can also include motivating ques- 
tions, phenomena, activities, assessment tasks, or 
common student preconceptions that might serve 
as conceptual pitfalls or as stepping stones 
toward a benchmark. 


Such additions to the map may, however, be idio- 
syncratic to individual school districts, class- 
rooms, or even students. For that reason, they аге: 
not included on the maps in Atlas. Nonetheless, 
the maps in this book are meant (оре written on, 
added to, and modified. Educators are encouraged 
to use the maps as tackboards for their own 
thoughts or experiences. 


TYPES OF ВЕМСКМАНХЧХ5 


The maps distinguish among benchmarks that ask 
for students to be able to do something and those 
that ask for students to know something. But there 
are more subtle distinctions within these two cate- 
gories. Skill benchmarks can ask students to mas- 
ter some specific skill or develop general problem- 
solving abilities. Knowledge benchmarks can spec-. 
ify observations, facts, general notions, or theories. 
These differences could have implications for 
instruction. Discussion may be the best approach 
for helping students grasp a general notion; 
demonstration and experimentation may best 
serve their understanding of specific phenomena; 


and repetitive practice may be most effective for 
honing their mechanical skills. These finer distinc- 
tions between benchmarks are left off the maps, 
because it was important to keep the map design 
as uncluttered as possible; it was not clear how 
helpful such distinctions would be; and the bench- 
marks themselves are not easily sorted into one 
category or another. The important point is that 
any particular literacy topic usually combines dif- 
ferent kinds of knowledge and skills, and thus may 
require several different kinds of approaches. 


ARROWS 


As discussed in the “About Strand Maps” section at 
the beginning of this book, the most general 
meaning for ап arrow between two benchmarks 
in a map is that achieving one benchmark “con- 
tributes to achieving” the other. But this charac- 
terization covers a wide range of ways that oue 
benchmark might contribute to another. " 
For example, connections represented by an 
arrow are not all the same "streggth ” А bench- 
mark may be a necessary prerequisite to a later 
benchmark—say, by explaining a concept that is 
used in a later benchmark—whereas others may 
simply support or enbance the understanding of a 


later benchmark. Connections can also differ in + 


the kind of relationship they imply. An arrow may 
mean that the earlier benchmark provides some 
fact that serves as evidence to support an idea in 
the later benchmark. In the BIOLOGICAL EVOLU- 
TION map, for example, the evidence of fossil lay- 
ers presented іп a middle-school benchmark sup- 
ports the high-school benchmark that all organ- 
isms are descended from earlier organisms. 


The direction of an arrow can also be a subtle 
issue. Sometimes, a benchmark provides an insight 
that can reinforce an carlier benchmark that leads 
to it. This kind of relationship is often found 
between benchmarks that contain specific exam- 
ples and those that contain emerging general prin- 
ciples. Benchmarks about atoms and molecules, 
for example, clarify and explain the earlier bench- 
marks that lead to them. Indeed, reinforcement of 
earlier knowledge is a likely feature of all learning, 
so that every benchmark in a map might shed 
light on the earliet benchmarks that support it. 
These different aspects of the connections repre- 
` sented by the arrows are not made explicit in the 


maps; they were often too complex: о represent | 0 





effectively. But the reader should, k 


siderations in mind while studying the map. They | 


тау һауе important implications for designing 
curricula, instruction, or assessments. 


STRANDS AND NEIGHBORHOODS 


Throughout the development of Atlas, it was 
clear that giving groups of related benchmarks a 
convenient and familiar label would help the 
reader find different ideas or skills іп a map and 
quickly grasp the map’s content. For this reason, 
the maps include labeled strands at the bottom of 
each map to loosely suggest groups of bench- 
marks that develop over multiple grade ranges. 


But there are alternative ways to draw attention 
to groups of related benchmarks and summarize a 
map. One alternative we considered was “neigh- 
borhoods" of related benchmarks--with their 
labels printed on the maps іп the same way unof- 
ficial neighborhoods ‘are printed on city maps. 


_In Figure 9, neighborhoods point out groups of 


related ideas on the ATOMS AND MOLECULES map. 


Neighborhoods can identify subsets of bench- 
marks that do not start at the botto.n of the map 
or do not form vertical columns through grades. . 
Where strands join together, а new neighborhood 
could be labeled, clarifying exactly what ideas 
that part of the map addressed. 


Both strands and neighborhoods were intended 
as helpful suggestions rather than authoritative or 
definitive divisions of benchmarks. The decision 
to go with strands was made because neighbor- 
hoods suggested more strongly separable topics, 
inviting inclusion of all the ideas and skills 
normally found under that topic heading. In 
addition, neighborhood labels turned out to be 
more intrusive on the design of the map, whereas 
strand labels sit out of the way at the bottom 

of each map. 


MAP SIZE 


Connections among the benchmar! ts are prolific 
enough so that all the benchmarks could conceiv- 
ably be put in together into one vast map. But. 
design constraints, readability: and usefulness 
demanded that some reasonable: number. of relat- 


ей benchmarks be considered a single map. ` 


Decisions were made accofding to the content of 


E ће: map. ‘A rule such as. “every map shall have N 
benchmarks” could-arbitrarily exclude ‘important 


benchmarks. JA quick scan of this book will 


© reveal that not all maps.are the same size. 
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Опе way of thinking. about 


“natural” boundaries. is to compare: 
the number of connectioris cup 
between benchmarks within a “тар 


to the number. of connections 
between berichmarks i in different 


maps. One: could imagine a com- EE 


puter program ‘that could séarch’a 
set of benchmarks for map divisions ` 
with,the maximum ratio of connec- 
tions within maps.to connections 
between maps. 





wer ae pot 


Sometimes there аге “natural” boundaries fora 


-cmap- where. one set of benchmarks. seems more 
cohesive than others, ‚ Comprothises? d:to be 
: ; made between. natural coherence; > 










and. readability: 


, ВА ше ‘anger fabric of benchmarks into 


əң 


"readable maps inevitably emphasizes some con- 


nections ant benchmarks more than others. - 


What size a map should be depends on how it 
will be used. Maps with a large number of bench- 
marks and connectioris are useful for large-scale 
curriculum planning, but are distracting for study- 
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ing a few related benchmarks. In Alas, we have 
balanced these concerns to create maps that are 
conceptually coherent, fit a reasonable page size, 
and encourage a wide range of possible uses. 


MAPS AND ELEMENTARY LEARNING. 


The maps are based on thinking more about “what 
high-school benchmarks depend on” than “what 
primary-school benchmarks lead to” Yet, learning 
in elementary years is vital to many topics, and ele- 
mentary teachers need to see where the bench- 
marks they teach are headed. For example, bench- 
marks iri the early. grades of the FLOW OF MATTER 
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іп Zen апа the Art of 
Motorcycle Maintenance, 
Robert Pirsig (1974) talks 
about dividing a set of ideas 
into nameable parts: 


“If you were to go toa 
motorcycle parts 
department and ask them 
for a ‘feedback assembly’ 
they wouldn’t know what 
the hell you were talking 
‘about. They don't split it up 
that way. No two manu- 
facturers ever split it up 
quite the same way and 
every mechanic is familiar 


with the problem of the part | 


you can't buy because you 
can't find it because the 
manufacturer considers it 
part of something else.” 





IN ECOSYSTEMS map (in Chapter 5) cover the basic 
needs of organisms—food, air, water, and a way to 
dispose of waste. But understanding the transfor- 
mation of matter in living systems is not the only 
topic in high school that builds on learning about 
basic needs. Those benchmarks about basic nceds 
also contribute to later learning about cells and 
basic functions of the human organism. In the 
maps, the other topics that elementary-level 
benchmarks contribute to are often indicated by 
the dotted-line connections between maps. Any 
reader interested in discovering all the places an 
elementary-level benchmark leads may have to 
look at several different maps. 


There are also fewer benchmarks and connec- 
tions among them in the elementary grades. 
Often, benchmarks do not converge in any 
meaningful way until middle or high school. 
Despite the smaller number of benchmarks and 
connections, there is significant work to be done 
in the early grades. Early-grades benchmarks are 
often general and students need a wide variety 

of experiences to help them develop an appropri- 
ate understanding. 


- 


Nonetheless, strand maps have proven particular-” 
ly helpful to elementary teachers. They help ele- 
mentary teachers see their role in students’ over- 
all science education, in terms of what ideas and 
skills are important and understandable for ele- 
mentary-school students, and how instruction at 
that level can contribute to later learning. 


GENERALIZATIONS AND EXAMPLES 


The maps include both general principles and 
specific examples of those principles, at all levels 
of sophistication. To understand a generalization, 
students usually need го have experience with 
several relevant examples. But a generalization 
may also shed light back on the specific exam- 
ples. Practically, there iis a significant amount of 
back-and-forth between specific examples and 
emerging generalizations. Sometimes, a simple 
version of a general principle can make sense 
early on (though it certainly should be strength- 
ened and extended later). And some.specific 


‘examples must wait until later because-of their . 


level of sophistication or because they depend. on 
some other knowledge not yet developed. 
Consider the following primary-school ‘benchmark: 


Things change in some ways.and stay. ЕТ 
the same in others. 


With adequate experiences, this simple generaliza- 
tion can have some meaning for primary-school 
students. It then provides a foundation for specific 
examples later (say, the conservation of mass in 
chemical reactions), which then, in turn, con- 
tribute to a more sopliisticated general notion 
(principles of conservation, equilibrium, etc). 
General principles and examples reinforce one 
another as they become more sophisticated—no 
absolute rule about which should come first is 
adequate to characterize growth of understanding. 


THEMES AND THE NATURE OF SCIENCE, 
MATHEMATICS, AND TECHNOLOGY 


It can be awkward to try to map the many rela- 
tionships between specific science, mathematics, 
and technology content in Chapters 4-9, the 
nature of these disciplines in Chapters 1-3, and 
the thematic benchmarks in Chapter 11. The 
benchmarks in Chapters 1-3 and 11 are relevant | 
to—though not always essential for—a wide 
range of topics. For example, the role of evidence 
in science (in Chapter 1) clearly relates to the fos- 
sil evidence and evidence from existing organ- 
isms that supports the theory of biological evolu- 
tion (in Chapter 5). But explicit connections 
between specific benchmarks on those two top- 
ics do not make immediate sense. 


In considering relationships to common themes, 
one reviewer remarked.that connections between 
the. CHANGES IN THE EARTH’S SURFACE map and the 
common themes of change and systems аге so: 
"complexly interwoven that I can't think of a sin- 
gle place to ‘attach’ within the map.” The maps 
show connections between specific benchmarks 
but are not adequate for showing such overarch- 
ing relationships among topics. For example, ideas 
about systems can be applied to most objects, | 
processes, and events. But relationships between 
benchmarks about systems and benchmarks on a 
particular topic are so prolific and interwoven 
that making specific connections bctween them 
would likely misrepresent the'relationships and 
overburden an already crowded map. 


When а тар has а particularly helpful or impor- 


tant relationship to a'theme or to the nature.of a 


discipline, it is noted in the map commentary 


| that. -accomipanies- the map. The reader can then 
T decide whether to explore this relati onship fur- 
“ther. For example, it may 


шш to ‘have.the . 
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| about cells and’ pie batt eg can ibe relat dto 


one another. 


MAPS AND. INSTRUCTION. 


There are important differences between the con- 
nections among benchmarks in the maps and the 
sequence and design of classroom instruction to: 

help students achieve those benchmarks. 


The maps are distinct from instruction most clearly 
in time scale. They show benchmarks in grade 
ranges that span up to four grades, and connections 
are often made across several grades. This means 
that the information in the map does not always 


| translate directly into lessons or units that take 


place over the course of a few weeks or months. 


Even if two benchmarks in the same grade range 
are Closely related, they may be too much to 


from the CELL FUNCTIONS map 


в 


include іп a single lesson or unit. Or teachers may 
want to address two benchmarks that are not. 
conceptually. related to take advantage of some 
common resource or phenomenon. 


Instruction may, for excellent reasons, approach 
benchmarks in a different sequence than the: 
maps. A teacher could target a benchmark before 
one of its precursors but not expect students to - 
achieve the level of understanding the benchmark 
calls for right away. The teacher could then go 
back to introduce the earlier benchmark to help 
students fully understand the later benchmark. 

In the following map fragment shown in Figure 
11,а benchmark about energy transfer and 


transformation comes before the principle of 


energy conservation. 


But a teacher may decide to tell students about 
energy conservation first, without expecting them 
to fully comprehend it, and then explore its validi- 
ty and usefulness in investigating energy transfor- 


‘mations. Or a teacher may introduce the concen- 


tration of earthquakes and volcanoes in certain 


Figure 10: Some possible relationships between the SYSTEMS map and the CELL FUNCTIONS map. 


from the SYSTEMS map 


output are expected to be. 14/2 





locations оп the globe (even though students 
would not understand or be able to explain why) 
in order to motivate students to learn about the 
earth’s plates. In any case, teachers’ instructional 
planning should take account of the connections. 
indicated in the maps. Such attention can en- 
hance their understanding of the ideas they 
teach, how they determine whether students are 
conceptually prepared, and the emphasis they 
place on different ideas or skills. 


Figure 11: Part of a map about energy. 
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BEYOND SCIENCE LITERACY 


No matter how able students are, their achieve- 
ment of science literacy will take time and 
requires that they synthesize different ideas and 
skills. By achieving basic literacy, students will 
have a strong foundatiori for more advanced 
learning. In fact, most studerts will be able to 
learn ideas and skills that go beyond the literacy 
goals in Science for All Americans and 
Benchmarks. 


The maps can help distinguish goals for more 
advanced learning that build from the literacy base 
from those that do not. Selecting advanced learn- 
ing goals without consideration of basic literacy 
risks pushing students toward ideas that will not 
make sense to them, leading to larger rote vocabu- 
lary and skills, but littfe understanding. 


In the simplest scenario, faster students could get 
through the initial core more quickly and then go 
beyond it in high school. Another alternative is 
for all students to go through the core knowledge 
at the same pace, while some students take on 
additional material, more challenging tasks, less 
obvious applications, and so on at every step of 
the way. Here we are concerned only with how 
maps could be used to make sure that advanced 
learning goals are consistent with the literacy 
framework. 


Acknowledging learning beyond Science for All 
Americans and Benchmarks does not mean that 
any topic can be dropped into the pattern of 
benchmarks. Decisions about including goals 
beyond literacy should be made carefully and be 
consistent with the research on student learning 
and with existing works such as Science for All 
Americans and Benchmarks. 


CONSTRUCTION OF STRAND MAPS ЕЕ 


"d stis through the growth of understanding 
that leads to literacy in science, mathematics, and 
technology is a demanding and time-consuming 
task. By displaying the relevant benchmarks and 
connections among them, Atlas can save educators 


an immense time investment. Ne pu tonethe-. еті 





enhance the reader's ае of théi тар. 
and to offer suggestions on how (0 construct their 


С Getting STARTED. 


own паре: For all the tasks іп which studying а 
map can be useful, actually constructing the maps - 
provides even deeper. insight. Furthermore, map 
making is perhaps the most effective way to gain 
an understanding of any particular set of learning 
goals: and the: science content they inciude. 
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other sets of learning goals could: фе used to make 
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хшарв: One argument for using Benchmarks is that 
sits “Also. See” boxes, essays, and research are help- 
Sl іші іп: thinking about: growth of; ün i 





connections between individual b 


~ not explicit i in: ‘Benchmarks, ‘Making maps entails 


hunting down implied connections, finding new 
connections, and sometimes ‘Clarifying | or supple- 
menting: the benchmarks. 


Some early Project 2061 mapmakers found it easi- 
est to "back map” from an adult literacy goal in 
Science for All Americans—that is, to think 
through the ideas and skills that goal would 
depend on. Others found it more fruitful to 
immediately consider what first-step benchmarks 
were feasible and then build toward literacy. One 
could, of course, also begin in the middle, consid- 
ering how students would get there and where it 
would lead them next. The essential task is to 


` think through the entire growth of understand- 


ing, showing the ideas and skills students should 
achieve over time rather than the instruction they 
would receive. 


The organization of the discussion below suggests 
important elements in map construction. Some 
items listed later will inform earlier ones, and the 
actual process involves a lot of moving back and 
forth between different steps. 


ww 


CLARIFYING BENCHMARKS 


Making a map begins with studying a single bench- 
mark. Which benchmark.to begin with. depends on 
the mapmuker’s topic area and grade level*of inter- 
est. In practice, the benchmark will likely be cho- 
sen because of some specific task, such as design- 


ing a middle-school lesson on cells. Once a starting 
. benchmark is chosen, it is important to explore 


precisely what ideas students are expected to 
know and what ideas go beyond the benchmark. 
Topic-level descriptions are not adequate. 


Consider the following part of a middle-school 
benchmark: 


Plants use the energy from light to make 
‘sugars out of carbon dioxide and water. 


This benchmark could be discussed under the 


topic heading “photosynthesis.” But that could 
lead people to assume that the benchmark asks 
students to understand detailed chemical stages 


‘of photosynthesis, or even the difference between 


light and dark reactions (which are not included 


in the benchmark). Giving precisely stated bench- 
marks a general and familiar label risks reading 
into that benchmark all the content traditionally 
associated with a topic and obscuring the intend- 
ed level of sophistication. 

\ 
Careful study of a benchmark should also consider 
the concepts explicitly stated in it. Bécause “ener- 
gy” appears in the benchmark above. it is neces- 
sary to specify what about energy it expects stu- 
dents to understand. Should they think of energy 
as something that “makes things go or happen"? 
Or do they need a more sophisticated understand- 
ing of transformations and conservation? 


This kind of thinking not only helps to clarify the 
meaning of the benchmark, it is also the starting. 
point for the search for related benchmarks. As 
this collection of related benchmarks grows, the 
map begins to take shape. And, in turn, the emerg- 
ing map suggests other necessary or relevant 
benchmarks. 


IDENTIFYING RELATED BENCIIMARKS 


Two questions drive the search for potentially 
related benchmarks: What should students know 
or be able to do before they approach this bencli- 
mark? What ideas might this benchmark con- 
tribute to later? Finding relevant benchmarks 
begins by exploring the strands—groups of 
increasingly sophisticated benchmarks—that run 
through that section in Benchmarks. These 
strands often become a starting point for a map. 


In many cases, benchmarks from other sections, 
and even other chapters, also contribute to` 
growth of understanding. For example, bench- 
marks about the formation of fossils and layers of 
the earth in Chapter 4: THE PHYSICAL SETTING 
contribute to understanding natural selection in 
Chapter 5: THE LIVING ENVIRONMENT. Chapter 
11: COMMON THEMES and Chapter 12: HABITS 
OF MIND are good places to look for related 
benchmarks because the themes and skills inter- 
twine with almost all of the topics in Bencb- 
marks. Chapters 1-3, which discuss the nature of. 
science, mathematics, and technology, are also rel- 
evant to a wide range of topics. 


These different possibilities do not mean that the 
mapmaker will have to sort through all.of the 
benchmarks. Clues about where to look for relat- 
ed benchmarks will, of course, be round in the 
text of the benchmark itself. In the above exam- 


The search engine for Benchmarks 
Online (see www.project2061.0rg) 
may be an effective tool for finding 
related benchmarks in other sections 
and chapters of Benchmarks. 


ple about plants using energy from light, it is 
clear that benchmarks about energy should be 
considered. The information that accompanies . 
the benchmarks can provide additional hints. The 
“Also Sce" pointers at the beginning of each sec- 
tion in Bencbmarks suggest chapters and sec- 
tions that contain related benchmarks (though 
the particular benchmarks have to be hunted 
down). 


The essays that introduce each grade range and 
section in Bencbmarks often discuss important 
precursor benchmarks or common student diffi- : 
culties. And the cognitive research that guided the 
development of Bencbmarks—summarized in its 
Chapter 15: THE RESEARCH ВА5Е--сап suggest 
sequences of benchmarks and benchmarks from 
other topics that might be helpful. The research 
can also give a sense of what students are able to 
understand.and what preconceptions they are 
likely to have. (Unfortunately, some topics have lit- 
tle or no research available yet.) 

: І $ . 

The narrative accoun: of adult literacy in Science 
for All Americans provides a coherent explana- 
tion of what students should know about a partic- 
ular topic and alludes to relationships across the. 
boundaries of topics and disciplines. Science for * 
All Americans frames concepts in a more com- 
plete context and provides a sense for where the 
collection of benchmarks is headed. 


MAKING CONNECTIONS 


` 


The search for related benchmarks will likely pro- 
duce a large number that are potentially relevant 
to the topic at hand. ‘The novel task in mapping is 
identifying explicit connections. It helps to place 
the collected benchmarks on a single page 
arranged in their respective grade ranges and, 
based on insights gained in the previous steps, 
reconsider their relationships. 


A connection is drawn whenever achieving one 
benchmark seems likely to contribute to achiev- 
ing another. This involves deciding not only 
whether two benchmarks are conceptually relat- 
ed, but also what the relationship implies about 
which of the benchmarks students are likely to 
need and be able to achieve first. Although maps. 
do not prescribe instruction, deciding on what : 


connects to what involves imagining multiple 
ways students may be able to attain the bench- 
marks. 


There may be several reasons not to make an 
explicit connection between related benchmarks: 
Another benchmark is needed as an intermediate 
step between them; the relationship between 
them is best expressed by their mutual contribu- 
tion to a third benchmark; or the relationship 
makes sense to someone with a sophisticated 
grasp of the topic but is not helpful in terms of 
students' growth of understanding. 


Related benchmarks gathered from Benchmarks 
chapters 1-3 and 11 need careful consideration. 
Relationships to these benchmarks are often more 
peripheral or optional than centra! to conceptual 
development. Furthérmore, the connections may 
be so ubiquitous that they clutter the maps and 
become distracting. On the other hand, one could 
construct a map that serves the explicit purpose 
of showing a possible way to integrate general . 
themes with a particular topic. In this case, such 
connections would be critical. 


CONSIDERING BOUNDARIES 


Where should a map stop? The top and bottom 
are easy—kindergarten and 12th grade. But the 
"sides" are more difficult. Eventually, the mapmak- 
er needs to decide how many benchmarks it is 
useful to display and how many can fit on the 
page Gnevitably drawing attention to those that 
are most necessary). Practical issues as.de, each 
map should represent enough benchmarks and 
connections to offer insight and perspective on a 
topic, but not so many that the map becomes 
unapproachable or incomprehensible. 

It can heip to try smaller and larger versions of a 
тар, looking for places where the map could be 
stopped with minimal connections left to other 
maps. No matter where the boundary is drawn, 
there will often be benchmarks that contribute to 
the literacy topic, but the development that leads 
to them has to be left off the map because of. >” 
space. Regardless of the final boundaries of a 
map, it is important to realize that no single map 
can ever be complete; > =< | | 
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Te MAPS AND BENCHMARKS. 


. 


he set of strand maps in this. edition of Atlas of Science Literacy does not cover all the ideas and skills in Benchmarks for Science Literacy. Roughly 


half of Benchmarks- is mapped. in. this book. А. тас edition of ARAS will лур the coverage of Benchmarks. This section ine ges a figure 


‘that shows the distribu 
mark appears in. à 
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Benchmarks Chapter and section 
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THE NATURE OF SCIENCE 


A. THE SCIENTIFIC WORLD VIEW 
В. SCIENTIFIC INQUIRY 
C. THE SCIENTIFIG ENTERPRISE 


THE NATURE OF MATHEMATICS 


A. PATTERNS AND RELATIONSHIPS 
B. MATHEMATICS, SCIENCE, AND TECHNOLOGY 
C. MATHEMATICAL INQUIRY 


THE NATURE OF TECHNOLOGY. 


A. TECHNOLOGY AND SCIENCE 
B. DESIGN AND SYSTEMS 
C. ISSUES IN TECHNOLOGY 


THE PHYSICAL SETTING 


A. TIE UNIVERSE 

В. THE EARTH · 

С. PROCESSES THAT SHAPE THE EARTH 
D. STRUCTURE OF. MATTER 

E. ENERGY. TRANSFORMATIONS 

E MOTION 

G. FORCES OF NATURE 


THE LIVING ENVIRONMENT 


EI DIVERSITY OF LIFE. 

B, HEREDITY 

C. CELLS 

D. INTERDEPENDENCE OF LIFE 
E. FLow oF MATTER AND ENERGY 
Е EVOLUTION OF LIFE 


THE HUMAN ORGANISM 


A. HUMAN IDENTITY 

B. HUMAN DEVELOPMENT 
C. BASIC FUNCTIONS 

D. LEARNING 

E. PHYSICAL HEALTH 

E MENTAL HEALTH 


7. HUMAN SOCIETY 


A. CULTURAL EFFECTS .ON BEHAVIOR 
B. GROUP BEHAVIOR 

C. SOCIAL CHANGE 

D. SOCIAL TRADE-OFFS 

E. POLITICAL AND ECONOMIC SYSTEMS 
Е SOCIAL CONFLICT 

G. GLOBAL INTERDEPENDENCE 
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DISTRIBUTION OF MAPPED BENCHMARKS 


The figure below shows the table of contents of Benchmarks and the rough proportion of benchmarks from each section that are mapped 
in this book. | 


Benchmarks Chapter and section 


THE DESIGNED WORLD 


А. AGRICULTURE: . 

B. MATERIALS AND MANUFACTURING 
C. ENERGY SOURCES AND USE 

D. COMMUNICATION 

E. INFORMATION PROCESSING 

E HEALTH TECHNOLOGY 


THE MATHEMATICAL WORLD 


А. NUMBERS 

B. SYMBOLIC RELATIONSHIPS 
C. SHAPES 

D. UNCERTAINTY 

E. REASONING 


HISTORICAL PERSPECTIVES 


A. DISPLACING THE EARTH FROM THE CENTER 
OF THE ÜNiVERSE 

B. UNITING THE HEAVENS AND EARTH 

C. RELATING MATTER & ENERGY AND 
TIME & SPACE 

D. EXTENDING TIME 

E. MOVING THE CONTINENTS 

E UNDERSTANDING FIRE 

G, SPLITTING THE ATOM 


Н. EXPLAINING THE DIVERSITY OF LIFE 


I, DISCOVERING GERMS 
J. HARNESSING POWER 


COMMON THEMES 


A. SYSTEMS 

В; MODELS 

C. CONSTANCY AND CHANGE 
D. SCALE 


HABITS OF MIND 

A. VALUES AND ATTITUDES 

В. COMPUTATION AND ESTIMATION 
C. MANIPULATION AND ОРЅЕКУАТІОМ 
D. CCMMUNICATION SKILLS 

E. CRITICAL-RESPONSE SKILLS 
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INDEX OF MAPPED BENCHMARKS 


This index will best serve the reader who is working with a particular benchmark and wants to find the maps that benchmark appears in. It 
is not an index of terms or topics іп the benchmarks or in this book. The index is organized according to the structure of th: chapters and 
sections in Benchmarks. Individual benchmarks within sections are differentiated by the grade range in which they appear and their 
sequence in the list of benchmarks for that grade range. The Atlas page number for each map appears after each map name. | A 
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A-THE ScIENTIFIC WORLD VIEW 
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SCIENTIFIC THEORIES 21 
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SCIENTIFIC THEORIES 21 
SCIENTIFIC THEORIES 21 








K-2 is EVIDENCE AND REASONING IN INQUIRY. 17 
SCIENTIFIC INVESTIGATIONS 19 
2nd NO MAPS | 
3rd EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC INVESTIGATIONS 19 
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SCIENTIFIC THEORIES 21 
AVOIDING BIAS IN SCIENCE 23 
3-5 1а SCIENTIFIC INVESTIGATIONS 19 
| 2nd SCIENTIFIC INVESTIGATIONS 19 
AVOIDING BIAS IN SCIENCE 23 
3d EVIDENCE AND REASONING-IN INQUIRY 17 
SCIENTIFIC THEORIES 21 
AVOIDING BIAS IN SCIENCE 23 
4th EVIDENCE AND REASONING IN INQUIRY 17 
© 68 1 EVIDENCE AND REASONING IN INQUIRY 17. 
SCIENTIFIC INVESTIGATIONS 19° 
SCIENTIFIC THEORIES 21 
AVOIDING BIAS IN SCIENCE 23 
n 2nd SCIENTIFIC INVESTIGATIONS 19 
CORRELATION 125 
STATISTICAL REASONING 127 
3n AVOIDING BIAS IN SCIENCE 23 
HEREDITY AND EXPERIENCE SHAPE BEHAVIOR 97 
9-21 SCIENTIFIC INVESTIGATIONS: 19 
222024: — EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC THEORIES 21 
AVOIDING BIAS IN SCIENCE 23 
Зи EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC INVESTIGATIONS 19 
4% EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC INVESTIGATIONS 19 
Sth AVOIDING BIAS IN SCIENCE 23 
6th SCIENTIFIC THEORIES 27 
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6th AVOIDING BIAS IN SCIENCE 23 
SOCIAL DECISIONS 103 
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B-MATHEMATICS, SCIENCE, AND TECHNOLOGY 
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MATHEMATICAL PROCESSES 27 
NO MAPS | 
MATHEMATICAL PROCESSES 27 
MATHEMATICAL PROCESSES 27 
GRAPHIC REPRESENTATION 115 
SYMBOLIC REPRESENTATION 117 


` MATHEMATICAL MODELS 29 


GRAPHIC REPRESENTATION 115 
SYMBOLIC REPRESENTATION 117 
MATHEMATICAL PROCESSES 27 
MATHEMATICAL PROCESSES 27 
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DESIGNED SYSTEMS 35 
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GRAPHIC REPRESENTATION 115 - 
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GRAPHIC REPRESENTATION 115 | 
SYMBCLIC REPRESENTATION: 117 
2nd MATHEMATICAL MODELS 29 
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RESIGN. ‘CONSTRAINTS 33. 
- DESIGNED 'SYSTEMS 35 


. - DESIGN CONSTRAINTS 43 
7. DECISIONS ABOUT USING TECHNOLOGY 39 
'. DESIGNED SYSTEMS 35. 


DECISIONS ABOUT USING TECHNOLOGY 39 


_ DESIGN CONSTRAINTS 33 
`. DECISIONS ABOUT USING TECHNOLOGY 39 


DESIGNED SYSTEMS 35 

DESIGNED SYSTEMS 35 

DESIGN CONSTRAINTS 33 

DESIGN CONSTRAINTS 33. 

INTERACTION OF TECHNOLOGY AND SOCIETY 37 
DECISIONS ABOUT USING TECHNOLOGY 39 
DESIGNED SYSTEMS 35 

DECISIONS ABOUT USING TECHNOLOGY 39 
DESIGNED SYSTEMS 35 

DESIGNED SYSTEMS 35 


C-IssUES IN TECHNOLOGY ` 





K-2 1s INTERACTION OF TECHNOLOGY AND SOCIETY 37 _ 
2nd DESIGN CONSTRAINTS 33 
DECISIONS ABOUT USING TECHNOLOGY 39 
3-5 1s INTERACTION OF TECHNOLOGY AND SOCIETY 37 
2nd INTERACTION OF TECHNOLOGY AND SOCIETY 37 
_ 3rd INTERACTION OF TECHNOLOGY AND SOCIETY 37 
DECISIONS ABOUT USING TECHNOLOGY 39 
4% DESIGN CONSTRAINTS (6-8 ІМ МАР) 33 
, 5th DECISIONS ABOUT USING TECHNOLOGY 39 
бі МО МАР5 
6-8 18 NO MAPS 
2nd INTERACTION OF.TECHNOLOGY AND SOCIETY 37 
‘ 3rd NO MAPS 
4th DESIGN CONSTRAINTS 33 
INTERACTION OF TECHNOLOGY AND SOCIETY 37 
5th DECISIONS ABOUT USING TECHNOLOGY 39 
б^ INTERACTION OF TECHNOLOGY AND SOCIETY 37 
DECISIONS ABOUT USING TECHNOLOGY 39 
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4-THE PHYSICAL SETTING 


A-THE UNIVERSE 
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SOLAR SYSTEM 45 
STARS 47 
GALAXIES AND THE UNIVERSE 49 


A-THE UNIVERSE (CONTINUED) 











K-2 2% GRAVITY 43 
SOLAR SYSTEM 45 
STARS 47 
3rd SOLAR SYSTEM 45 
3-5. 14 GRAVITY 43 
SOLAR SYSTEM 45 
STARS 47 
2nd SOLAR SYSTEM 45 
STARS 47 
| GALAXIES AND THE UNIVERSE 49 
Зе SOLAR SYSTEM 45 
Ath GRAVITY 43 
SOLAR SYSTEM 45 
5th STARS 47 
GALAXIES AND THE UNIVERSE 49 
6-8 LN STARS 47 
2 GALAXIES AND THE UNIVERSE 49 
2nd STARS 47 
GALAXIES AND THE UNIVERSE 49 
3rd SOLAR SYSTEM 45 
4th SOLAR.SYSTEM 45 
9-12 1st STARS 47 | 
GALAXIES AND THE UNIVERSE 49 
2nd SOLAR SYSTEM 45 
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2nd CONSERVATION OF MATTER 57 
STATES OF MATTER 59 
3rd CONSERVATION OF MATTER 57 
STATES OF MATTER 59 
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| CHANGES ІМ THE EARTH'S SURFACE 51 
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SOLAR SYSTEM 45 
STARS 47 
3rd CONSERVATION OF MATTER 57 
STATES OF MATTER. 59 
4th ATOMS AND MOLECULES 55 
CONSERVATION OF MATTER 57 
STATES OF MATTER 59 
FLOW OF MATTER IN ECOSYSTEMS 77 
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3rd GRAVITY 43 
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5th SOLAR SYSTEM 45 
6th-11th МО MAPS 
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C-PROCESS#S THAT SHAPE THE EARTH . m 
K-2 1s CHANGES IN THE EARTH'S SURFACE 51 
2nd CHANGES IN THE EARTH'S SURFACE 51 
3rd NO MAPS 


C-Pnockssus THAT SHAPE ТИН EARTH (CONTINUED) 


3-5 — 


1st 


CHANGES IN THE EARTH'S SURFACE 51 
BIOLOGICAL EVOLUTION 81. 





2nd CHANGES IN THE EARTH’S SURFACE 51 
6-8 1н CHANGES IN THE EARTH'S SURFACE 51 
PLATE TECTONICS 53 
2nd CHANGES IN THE EARTH'S SURFACE 51 
PLATE TECTONICS 53 
3rd CHANGES IN THE EARTH'S SURFACE 51 
BIOLOGICAL EVOLUTION 81 
Ath- CHANGES IN THE EARTH'S SURFACE 51 
5th CHANGES IN THE EARTH'S SURFACE 51 
26-78 . NO MAPS | 
9-12 1 FLOW ОҒ MATTER IN ECOSYSTEMS 77 
2nd CHANGES IN THE EARTH'S SURFACE 51 
3m PLATE TECTONICS 53 
Ath PLATE TECTONICS 53 
Sth CHANGES IN THE EARTH'S SURFACE 51 


‘PLATE TECTONICS 53 


D-STRUCTURE OF MATTER 











K-2 1s DESIGN CONSTRAINTS 33 
ATOMS AND MOLECULES 55 
CONSERVATION OF MATTER 57 
CHEMICAL REACTIONS 61 
2nd CONSERVATION OF MATTER 57 
STATES OF MATTER 59. 
CHEMICAL REACTIONS 61 
3-5 1s STATES OF MATTER 59 Е 
CHEMICAL REACTIONS 61 : 
2nd CONSERVATION OF MATTER 57 
3rd ATOMS AND MOLECULES 55 
4% ATOMS AND MOLECULES .55 
CHEMICAL REACTIONS 61 
6-8 1% ATOMS AND MOLECULES 55 
CONSERVATION OF MATTER 57 
STATES OF MATTER 59 
CHEMICAL REACTIONS 61 
FLOW OF MATTER IN ECOSYSTEMS 77 . 
FLOW OF ENERGY IN ECOSYSTEMS 79 
n 2nd CONSERVATION OF MATTER 57 
3e. STATES OF MATTER 59 
CHEMICAL REACTIONS 61 
Ath CHEMICAL REACTIONS 61 
3 5th ATOMS AND MOLECULES 55 
CHEMICAL REACTIONS 61. 
Gth ATOMS AND MOLECULES. 55 
CHEMICAL REACTIONS 61 
FLOW OF MATTER IN ECOSYSTEMS 77 
FLOW OF ENERGY IN ECOSYSTEMS 79 
7% CONSERVATION OF MATTER 57, | 
FLOW OF MATTER ІМ ECOSYSTEMS 77 
9-12. Is ATOMS AND MOLECULES 55: 
CHEMICAL REACTIONS 61. 
2nd ATOMS AND MOLECULES 55 
CHEMICAL REACTIONS 61 
3rd ATOMS AND MOLECULES 55 
4th ATOMS AND MOLECULES 55 
5th . ATOMS AND MOLECULES 55 E 
6th ATOMS AND MOLECULES 55 
7th STATES OF MATTER 59 


CHEMICAL REACTIONS 61 
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CELL FUNCTIONS 73 

gh - CHEMICAL REACTIONS 61 
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WAVES 65 
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LAWS OF MOTION "63 
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LAWS OF MOTION 63 
2nd CHANGES IN THE EARTH'S SURFACE 51 
WAVES 65 
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2nd SOLAR SYSTEM 45 
А $ТАВ$ 47 
r GALAXIES AND THE UNIVERSE 49 
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3rd GRAVITY 43 
LAWS OF MOTION 63 
4th CHANGES IN THE EARTH'S SURFACE 51 
PLATE TECTONICS 53 
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9-12 1s LAWS OF MOTION 63 
2nd LAWS OF MOTION 63. 
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C-CELLS (CONTINUED) 
6-8 1st BIOLOGICAL EVOLUTION 81 
2nd DNA AND. INHERITED CHARACTERISTICS 69 
VARIATION IN INHERITED CHARACTERISTICS 71 
CELL FUNCTIONS 73 - 
CELLS AND ORGANS 75 
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BIOLOGICAL EVOLUTION. 81 
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3-5 oW BIOLOGICAL EVOLUTION. a Ё | - 9-12 1% CELL FUNCTIONS 73 
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2nd NOMAPS —— 4th DNA AND INHERITED CHARACTERISTICS .69 
ЗЧ BIOLOGICAL EVOLUTION 81 CELL FUNCTIONS 7300 
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5th FLOW.OF MATTER IN ECOSYSTEMS 77 BIOLOGICAL EVOLUTION 81 
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2nd VARIATION IN INHERITED CHARACTERISTICS 71 6th DISEASE 87 
. BIOLOGICAL EVOLUTION 81 7th CELL FUNCTIONS 73 
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4th ' CELLS AND ORGANS 75 t 4% DIAGNOSIS AND TREATMENT OF MENTAL DISORDERS 93 
6-8 - 1244 МО МАРЅ P5 ae 6-8 1st COPING WITH MENTAL DISTRESS 91 
3rd CELLS AND ORGANS 75 | HEREDITY AND. EXPERIENCE SHAPE BEHAVIOR 97 
4th-5th МО MAPS 2nd DIAGNOSIS AND TREATMENT: OF MENTAL DISORDERS 93 
"6th COPING WITH MENTAL DISTRESS 91 3-12 1s COPING WITH MENTAL DISTRESS 91 
DIAGNOSIS AND TREATMENT OF MENTAL DISORDERS 93 2M 2 . COPING WITH MENTAL DISTRESS - % 0 
9-12 1s DISEASE 87 |. ^ “DIAGNOSIS: AND: TREATMENT OF. MENTAL DISORDERS 93 
2nd NO MAPS | L3 “3rd В COPING WITH:MENTAL DISTRESS 97 
ЕС CELLS AND ORGANS 75 EN 4^ —— COPING wie: MENTAL: D STRESS 91 | 
MAINTAINING GOOD HEALTH 89 "Es dd NT ы О IN STRESS 92 eso m 
4th NO MAPS TOU y, FOS г DIAGNOSIS:AND REF F MENTAL DISORDERS 93 
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A-CULTURAL EFFECTS ON BEHAVIOR 











C-SOCIAL CHANGE ў 


. = 
7- НОМАМ SOCIETY 

















К2 1st “COPING WITH MENTAL DISTRESS 91 
A2 DIAGNOSIS AND TREATMENT OF MENTAL DISORDERS 93. 
2nd 
NE <ULTURE AFFECTS: | 
3-5 21% "HEREDITY, AND EXPERIENCE SHAPE BEHAVIOR 97 
‘CULTURE AFFECTS. BEHAVIOR (6-8.IN MAP) - 99 
274. CULTURE AFFECTS BEHAVIOR. 99 . r 
68 oist CULTURE AFFECTS BEHAVIOR (3-5 IN МАР): 99 | 
24 CULTURE AFFECTS BEHAVIOR 99 
3rd COPING WITH MENTAL DISTRESS 97 
‘CULTURE AFFECTS BEHAVIOR 99 
4th ‚ HEREDITY AND EXPERIENCE SHAPE BEHAVIOR 97 
CULTURE AFFECTS BEHAVIOR 99 
9-12 14. CULTURE AFFECTS BEHAVIOR 99. 
2nd | CULTURE AFFECTS BEHAVIOR 99 
3rd CULTURE AFFECTS BEHAVIOR 99 
Ath HEREDITY AND EXPERIENCE SHAPE BEHAVIOR 97 





B-GROUP BEHAVIOR 





K-2 1% CULTURE AFFECTS BEHAVIOR 99 
, 2nd CULTURE AFFECTS BEHAVIOR 99 
3-5 . NO MAPS 
6-8 NO MAPS | 
9-12 : . ^... NO MAPS | 











К-2 1st COPING WITH MENTAL DISTRESS 91 
DIAGNOSIS AND TREATMENT OF MENTAL DISORDERS 93 
INFLUENCES ON SOCIAL CHANGE 101 
3-5 Ast INFLUENCES ON SOCIAL CHANGE 101 
259. INFLUENCES ON SOCIAL CHANGE 101 B 
6-8 1s INFLUENCES ON SOCIAL CHANGE 101 
2nd INFLUENCES ON SOCIAL CHANGE 101 
; 3rd INFLUENCES ON SOCIAL CHANGE 101 
9:12. An INFLUENCES ON SOCIAL CHANGE 101 
2nd SOCIAL DECISIONS 103 
3rd INFLUENCES ON SOCIAL CHANGE 101 
4th INFLUENCES ON SOCIAL CHANGE 101 
SOCIAL DECISIONS 103 
D-S0ciAL TRADE-OFFS ier " 
O K2  1« DESIGN CONSTRAINTS 33 
DECISIONS ABOUT USING TECHNOLOGY 39 
SOCIAL DECISIONS 103 
2nd NO MAPS 
3ra SOCIAL DECISIONS 103 
3-5 qst DECISIONS ABOUT USING TECHNOLOGY 39 
SOCIAL DECISIONS 103 
2nd SOCIAL DECISIONS 103 
3rd SOCIAL DECISIONS 103 
6-8 qs: SOCIAL DECISIONS 103 
2nd: SOCIAL DECISIONS 103 
3rd NO MAPS | 
9-12 1х SOCIAL DECISIONS 103 
2nd SOCIAL DECISIONS 103 
3rd SOCIAL DECISIONS 103 








E-POLITICAL AND ECONOMIC SYSTEMS 











b 














K-2 {st NO MAPS 
2nd INFLUENCES ON SOCIAL CHANGE 101 
| SOCIAL DECISIONS 103 
3. NO MAPS m 
6-8 14-24. МО MAPS 
3rd INFLUENCES ON SOCIAL CHANGE 701 
SOCIAL DECISIONS 103 
4th NO MAPS 
9-12 . NO MAPS 
.F-SoclAL CONFLICT 
K-2 1st NO MAPS : 
2nd INFLUENCES ON SOCIAL CHANGE 101 
3-5 1424 МОМАР5 ананы M 
3rd INFLUENCES ON SOCIAL CHANGE 101 
SOCIAL DECISIONS 103 
4% МО МАР$ 
6-8 МО МАР5 ui 
9-12 1st INFLUENCES ON SOCIAL CHANGE 101 
2nd-4th МО MAPS 
G-GLOBAL INTERDEPENDENCE ` 
К-2 МО МАР5 
3-5 МО МАР5 
6-8. МО МАР5 
9-12 МО.МАР5 à 


»* 


8-THE DESIGNED WORLD 


À- AGRICULTURE 


K-2 qst AGRICULTURAL TECHNOLOGY 107 
2nd : NO MAPS 
3rd AGRICULTURAL TECHNOLOGY 107 
4t AGRICULTURAL TECHNOLOGY 107 
3-5 1s NATURAL SELECTION 83 
AGRICULTURAL TECHNOLOGY 107 
2nd AGRICULTURAL TECHNOLOGY 107 
3rd AGRICULTURAL TECHNOLOGY 107 
ath AGRICULTURAL TECHNOLOGY 107 
5th AGRICULTURAL TECHNOLOGY 107 
,68 1st AGRICULTURAL TECHNOLOGY 107 
2nd NATURAL SELECTION 83 
AGRICULTURAL TECHNOLOGY 107 
3rd DECISIONS ABOUT USING TECHNOLOGY 39 
AGRICULTURAL TECHNOLOGY 107 
4th AGRICULTURAL TECHNOLOGY 107 
9-12 1st AGRICULTURAL TECHNOLOGY 107 i 
2nd AGRICULTURAL TECHNOLOGY 107 
3r AGRICULTURAL TECHNOLOGY 107 
B-MATERIALS AND MANUFACTURING 
Ke 1s DESIGN CONSTRAINTS 33 
2nd-4th МО MAPS 
3-5 NO MAPS 
6-8 1st DESIGN CONSTRAINTS 33 
2nd-4th МО MAPS | 
9-12 NO MAPS | d CUM 
C-ENERGY SOURCES AND USE т 
K-2 NO MAPS - 
3-5 NO MAPS j 
6-8 NO MAPS 
9-12 NO MAPS 


D-COMMUN.CATION 





K-2 


3-5 


6-8 


9-12 


1st 
2nd 
1st 
2nd 
3rd 


4th 
1st 


COMMUNICATION TECHNOLOGY 109 


. COMMUNICATION TECHNOLOGY 109 


COMMUNICATION TECHNOLOGY (K-2 IN MAP) 109 
COMMUNICATION TECHNOLOGY 109 
COMMUNICATION TECHNOLOGY 109 
COMPUTERS 111 

COMMUNICATION TECHNOLOGY 109 
COMMUNICATION TECHNOLOGY 109 
COMPUTERS 111 

COMMUNICATION TECHNOLOGY 109 
COMMUNICATION TECHNOLOGY 109 
COMMUNICATION TECHNOLOGY 109 
COMPUTERS 111 

COMMUNICATION TECHNOLOGY 109 


E-INFORMATION PROCESSING 














K-2 1s COMPUTERS 111 
| | 2nd COMPUTERS 111 
3-5 1st COMPUTERS 111 
2nd COMPUTERS 111 
3rd COMPUTERS 111 
6-8 1st COMPUTERS 111 
2nd COMPUTERS 111 
3rd DESIGNED SYSTEMS 35 
4th COMPUTERS 111 
9-12. 1st COMPUTERS 111 
2nd NO MAPS 
3rd COMPUTERS 111 қ 
Е- HEALTH TECHNOLOGY 
^. K2 NO MAPS 
3-5 NO MAPS 
6-8 1st MAINTAINING GOOD HEALTH 89 
| 214.34 МО MAPS 
9-12 1st-5th NO MAPS ; 
6th DIAGNOSIS AND TREATMENT OF MENTAL DISORDERS 93 
7th NO MAPS 


Dnm ERE DEM a 
9-THE MATHEMATICAL WORLD | 











A-NUMBERS d D 
» K2 1s MATHEMATICAL PROCESSES '27. ` 
| MATHEMATICAL MODELS 29 
COMPUTERS 111 
GRAPHIC REPRESENTATION. 115 
: SYMBOLIC REPRESENTATION 117 
AVERAGES AND COMPARISONS 123 - 
2nd RATIOS AND PROPORTIONALITY 119 
3ed NO MAPS 
20 4t GRAPHIC REPRESENTATION 115 
3-5. МО МАР5 | 
6-8 14-48 МО MAPS E 
5% RATIOS АМО PROPORTIONALITY 119 
DESCRIBING CHANGE 121 
6th COMPUTERS 111 
7 NO MAPS 
9-12 NO MAPS 








B-SYMBOLIC RELATIONSHIPS 


K-2 


qst 


2nd 


MATHEMATICAL PROCESSES 27 
DESCRIBING CHANGE 721 
DESCRIBING CHANGE 121 
CORRELATION 125 





B-SYMBOLIC RrLATIONSHIPS (CONTINUED) 





SYMBOLIC REPRESENTATION 117 








3-5 1st 
2nd GRAPHIC REPRESENTATION 115 
DESCRIBING CHANGE 121 
CORRELATION 125 
6-8 1% SYMBOLIC REPRESENTATION 117 
2nd DESCRIBING CHANGE 121 
3ra GRAPHIC REPRESENTATION 115 
DESCRIBING CHANGE 121 
CORRELATION 125 
9-12 ist DESCRIBING CHANGE 121 = 
2nd MATHEMATICAL PROCESSES 27 
SYMBOLIC REPRESENTATION 117 
3rd MATHEMATICAL MODELS 29 
Ath STATISTICAL REASONING 127 
4th “GRAPHIC REPRESENTATION 115 
SYMBOLIC REPRESENTATION 117 
5th SYMBOLIC REPRESENTATION 117 
6th NO MAPS 
C-SHAPES 
-K-2 1s GRAVITY 43 
3-5 1st NO MAPS 
2nd GRAPHIC REPRESENTATION 115 
3rd GRAPHIC REPRESENTATION 115 
4th-6th МО MAPS” | 
6-8 1st RATIOS AND PROPORTIONALITY 119 
2nd-3rd МО MAPS 
4th GRAPHIC REPRESENTATION 115 
5th GRAPHIC REPRESENTATION 115 
6th NO MAPS 
9-12 15 МО МАР5 
2nd RATIOS AND PROPORTIONALITY 119: 
E DESCRIBING CHANGE 121 
ЕС GRAPHIC REPRESENTATION 115 
SYMBOLIC REPRESENTATION 117 
4th NO MAPS 


D-UNCERTAINTY 























K-2 1s SCIENTIFIC INVESTIGATIONS 19 
DECISIONS ABOUT USING TECHNOLOGY 39 
SOCIAL DECISIONS 103 
AVERAGES AND COMPARISONS 723 
CORRELATION 125. 
STATISTICAL REASONING 127 
SYSTEMS 133 

2nd STATISTICAL REASONING 127 

3-5 1s STATISTICAL REASONING. 127  ' 

2nd STATISTICAL REASONING 127 

3rd STATISTICAL REASONING 127 

4t AVERAGES AND COMPARISONS 123 ` 

Sth AVOIDING BIAS IN SCIENCE 23 

STATISTICAL REASONING 127 LE 
Gth STATISTICAL REASONING 127: ЖУ 
6-8 1s STATISTICAL REASONING 127 . т” 

2nd STATISTICAL REASONING. 127 ` s 

3rd AVERAGES AND.COMPARISONS 123. 

‘At, "AVERAGES AND COMPARISONS 723 . 
0222-2250. STATISTICAL REASONING. 127 Е 
2218-12. 1* ^ .. STATISTICAUREASONING 127 — 

2222024 STATISTICAL REASONING 127 - 
Я зч "AVERAGES АМО COMPARISONS. 123. 
д MU 7 





15% 





| D-UNGERTAINTY (CONTINUED) A-SYSTEMS (CONTINUED) 
















































: 79-12. Sth. ‘AVERAGES AND COMPARISONS 123 K-2 1st GELL FUNCTIONS 73 
| CORRELATION 125 CELLS AND ORGANS 75 
6th CORRELATION 125. SYSTEMS 133 
| 7h STATISTICAL REASONING 127 2nd DESIGNED SYSTEMS 35 
5 STATISTICAL FASONING - 127_ SYSTEMS 133 
es у, р 3rd SYSTEMS 133 
наты INQUIRY 17. 3-5 1s DESIGNED SYSTEMS 35 
: | $Ү$ТЕМ$ 133. 
“EVIDENCE AN ‘AND REAS IN INQUIRY 17: 2nd _DESIGNED SYSTEMS 35 
AVOIDING BIAS'IN- sc NCE. 23 | SYSTEMS 133. 
5 HEREDITY “AND EXPERIENCE SHAPE BEHAVIOR 97. 6-8 1s NO MAPS X 
6-8 At c EVIDENCE AND: REASONING. IN INQUIRY. 17 2nd DESIGNED SYSTEMS 35 - 
2nd NOMAPS | SYSTEMS 133 ` 
| 3rd AVOIDING BIAS IN SCIENCE 23 | 34 SYSTEMS 133 
“22 28680 МО МАРЅ. 9-12 1st ATOMS AND MOLECULES 55 
9-12 14-344 NO MAPS | STATES OF MATTER 59 
А 4% AVOIDING BIAS IN SCIENCE 23 CHEMICAL REACTIONS 61 
7 Sth NO MAPS 7 SYSTEMS 133 
—.——————-——є————— 2nd SYSTEMS 133 
10-HISTORICAL PERSPECTIVES | 3rd DESIGNED SYSTEMS 35 
.A-DISPLACING THE EARTH FROM THE CENTER OF THE UNIVERSE 4th SYSTEMS 133 
6-8 1ч GRAVITY: 43 B-MODELS 
1 SOLAR SYSTEM 45 K-2. 19 МО МАР5 
, LAWS OF MOTION 63 2nd MATHEMATICAL MODELS 29 
2nd SOLAR SYSTEM 45 3rd MATHEMATICAL PROCESSES 27 
STARS 47 2 | MATHEMATICAL MODELS 29 
GALAXIES AND THE UNIVERSE 49 3-5 1s NO MAPS 
9-12 NO MAPS 2m - MATHEMATICAL MODELS 29 
B-UNITING THE HEAVENS AND EARTH 6-8 1st NO MAPS 
932 NO MAPS 2nd , COMPUTERS 111 
C-RELATING MATTER & ENERGY AND TIME & SPACE 3rd SCIENTIFIC THEORIES 21 
9-12 NO MAPS З MATHEMATICAL MODELS 29 
D-EXTENDING TIME . | 9-12 Ist MATHEMATICAL MODELS 29 
9-12. 1ч. CHANGES IN THE EARTH'S SURFACE 51 2nd COMPUTERS 111 
2nd-3ed МО MAPS = 34 SCIENTIFIC THEORIES 21 
E-MOVING THE CONTINENTS ` C-CONSTANCY AND CHANGE .. p 
9-2 1#-2nd — NO MAPS "| K2  1i* DESCRIBING CHANGE 121 
; 3rd . PLATE TECTONICS 53 2nd CONSERVATION OF MATTER 57 
F-UNDERSTANDING FIRE 3rd NO MAPS 
^ .&8  . NOMAPS md \ 4% `СНАМбЕ$ IN THE EARTH'S SURFACE 51 
9-12 NO MAPS 3-5 1s CONSERVATION OF MATTER 57 
G-SPLITTING THE ATOM | А DESCRIBING CHANGE 121 
6-8 ' NO MAPS | Қ 2nd CHANGES IN THE EARTH'S SURFACE 51 
4 9-12 NO MAPS | DESCRIBING CHANGE 121 
H-EXPLAINING THE DIVERSITY OF LIFE - | 6-3 18-38 NO MAPS 
Tooga мм 4th SYMBOLIC REPRESENTATION /17 
I-DISCOVERING GERMS d | DESCRIBING CHANGE 121 
6-8 1st NO MAPS | 5th-6th NO MAPS 
2nd DISEASE 87 9-12 14-24 МО MAPS 
34 DISEASE 87 3rd DESCRIBING CHANGE 121 
4th-5th МО MAPS 4th’ GRAPHIC REPRESENTATION 115 
J-HARNESSING POWER | SYMBOLIC REPRESENTATION 117 
ОТЕ > ЛО... 5th LAWS OF MOTION 63 
9-12 NO MAPS WAVES 65 
d TRU P б NO MAPS 
11-COMMON THEMES у SYSTEMS 133 
K-2 1s DESIGNED SYSTEMS 35 HCM E 70а NO MAPS 
ATOMS AND MOLECULES 55 3-5 NO MAPS cae 


CONSERVATION OF MATTER 57 6-8 qst NO MAPS 





D-SCALE (CONTINUED) 


6-8 
9-12 





12-HABITS OF MIND 





2nd 
1st-2nd 
3rd 


SYSTEMS 133 
NO MAPS 
SYSTEMS 133 


A- VALUES AND ATTITUDES 











K-2 Tst ^ EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC INVESTIGATIONS 19 
SCIENTIFIC THEORIES 21 
3-5 15 МО МАР5 
2nd. EVIDENCE AND REASONING IN INQUIRY 17 
6-8 1s NO MAPS 
2nd EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC THEORIES 21 
3rd SCIENTIFIC THEORIES 27 
9-12 NO MAPS 
B-COMPUTATION AND ESTIMATION 
K-2 is MATHMATICAL PROCESSES 27 
GRAPHIC REPRESENTATION 115 
SYMBOLIC REPRESENTATION 117 
RATIOS AND PROPORTIONALITY 119 
2nd MATHEMATICAL PROCESSES 27 
MATHEMATICAL MODELS 29 
RATIOS AND PROPORTIONALITY 119 
3rd NO MAPS 
4th MATHEMATICAL PROCESSES 27 
5th NOMAPS | 
3-5. 1s ‘MATHEMATICAL PROCESSES 27 
RATIOS AND PROPORTIONALITY 119 
2nd MATHEMATICAL PROCESSES 27 
1 RATIOS AND PROPORTIONALITY 119 
3rd MATHEMATICAL MODELS 29 
4th MATHEMATICAL PROCESSES 27 
5th COMPUTERS 111 | 
6-8 1st NO MAPS 
2nd MATHEMATICAL PROCESSES :27 
RATIOS AND PROPORTIONALITY 119 
STATISTICAL REASONING 127 
3rd NO MAPS 
4th AVERAGES AND COMPARISONS 123 
Sth RATIOS AND PROPORTIONALITY 119 
6th COMPUTERS 111 
SYMBOLIC REPRESENTATION -117 ` 
7%: MATHEMATICAL MODELS 29 
8th MATHEMATICAL MODELS 29 
э NOMAS — — 
егі 10% STATISTICAL REASONING 127 
9-12. 1я RATIOS АМО PROPORTIONALITY 119 
DESCRIBING CHANGE 121 
2nd MATHEMATICAL PROCESSES 27 
SYMBOLIC REPRESENTATION 117 
3rd MATHEMATICAL PROCESSES 27 
SYMBOLIC REPRESENTATION 117 
4th-8th NO MAPS 2 
| 9% MATHEMATICAL MODELS 20 
C-MANIPULATION AND OBSERVATION 
CK-2 712% МО MAPS 
30d - DESIGN CONSTRAINTS 33 
SYSTEMS 133. 
th NOMAPS o 
3-5 1s DESIGN CONSTRAINTS 33 
2n . NO MAPS 
3rd EVIDENCE AND REASONING IN INQUIRY 17` 
SCIENTIFIC INVESTIGATIONS 19 
SCIENTIFIC THEORIES 21 
4th-Sth = NO MAPS 





6-8 


9-12 


1% 
2nd 
3rd-Ath 
5th 


1% 
258 
3rd 
4th 


C-MANIPULATION AND OBSERVATION (CONTINUED) 


RATIOS AND PROPORTIONALITY 119 
COMPUTERS 111 

NO MAPS 

DESIGNED SYSTEMS 35 

SYSTEMS 133 ` 
МО MAPS 

COMPUTERS 111 

SYSTEMS 133 

NO MAPS 





D-COMMUNICATION SKILLS 














K-2 1s EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC INVESTIGATIONS 19 
RATIOS AND PROPORTIONALITY 119 
AVERAGES AND COMPARISONS 123 
2nd EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC INVESTIGATIONS 19 
3-5 1420 МОМАР5 id ~ 
3rd AVERAGES AND COMPARISONS 123 
MATHEMATICAL PROCESSES 27 
RATIOS AND PROPORTIONALITY 119 
6-8 1st MATHEMATICAL PROCESSES 27 | 
GRAPHIC REPRESENTATION 115 
: CORRELATION 125 
2nd GRAPHIC REPRESENTATION 115 
3rd STATISTICAL REASONING 127 
4th NO MAPS 
5th GRAPHIC REPRESENTATION 115 
9-12 1s-2nd МО MAPS 
3rd AVERAGES AND COMPARISONS 123 
54% МО МАР5 
5th CORRELATION 125 
6th NO MAPS И 
7th ‚ GRAPHIC REPRESENTATION 115 





E-CRITICAL-RESPONSE SKILLS 

















K-2 18 EVIDENCE AND REASONING IN INQUIRY 17 
3-5 qs EVIDENCE AND REASONING IN INQUIRY 17 
2nd SCIENTIFIC INVESTIGATIONS 19 
AVERAGES AND COMPARISONS 123 
CORRELATION 125 
3rd EVIDENCE AND REASONING IN INQUIRY 17 
68 1st NO MAPS | 
2nd DECISIONS ABOUT USING TECHNOLOGY 39 ` 
3rd STATISTICAL REASONING 127: 
Ate NO MAPS 
5th EVIDENCE AND REASONING IN INQUIRY 17 
SCIENTIFIC INVESTIGATIONS 19 - 
AVERAGES AND COMPARISONS . 123 
CORRELATION 125 ii | 
9-12 qst AVERAGES AND COMPARISONS :123 
STATISTICAL REASONING 127 i 
2nd . GRAPHIC REPRESENTATION: 115 
34: CORRELATION 125 
Ath EVIDENCE AND REASONING IN INQUIRY 17 
5th NOMAS — | 
6%. SCIENTIFIC THEORIES 21 `. 


‘DESIGN CONSTRAINTS 33 
.DECISIONS ABOUT USING TECHNOLOGY 39 


157 


158 






REFERENCES 


) 


“Lhe following ‘includes 








А : 
Aikenhead, G.S: (1987). High school graduates’ beliefs ^ 





about science-technology-sociéty. ш, Characteristics: ада. ЕЕ 
27 (уо. ID. Proceedings of the eleventh: international confer- 


“ence, Montreal, Canada, са 


limitations of scientific knowledge. Sclence Education, 
71, 459-487, Hn i эл 


Allen, R.D., Statkiewitz, W.R., & Donovan, М. (1983). 


Student perceptions of evidence and. interpretations. ш}. | 


Novak (Ed.), Proceedings of the international seminar: | 


„Misconceptions in science and mathematics (pp. 79-83). 


Ithaca, NY: Cornell Univerely, 


D 


American Association for the Adyancement of Science. 
(1989). Science Jor. all Americans. New York: Oxford | 
University Press, ` 


American Association for the Advancement of Science. 
(1993), Benchmarks fof science literacy. New York: 


Oxford University Press; : 


American Association for the Advancement of Science. 
(1995). Benchmarks for science literacy on disk, New 
York: Oxford University Press. 


American Association for the Advancement of Science. 
(1997). Resources for science literacy: Professional devel- 
opment. New York: Oxford University Press. | 


Anderson, C., Sheldon,T., & Dubay, J. (1990).Тһе effects of 
instruction on college nonmajors' conceptions of respira- 
tion and photosynthesis. Journal of Researcb in Science 
Teaching, 27, 761-776. 


Anderson, C., & Smith, E. (1983). Children’s conceptions 
of light and color: Understanding the concept of unseen 
rays. East Lansing: Michigan State University, (ERIC No. ED 
270 318). | 


Andersson, В. (1990). Pupils’ conceptions of matter and its 
transformations (age 12-16). In Р Lijnse, P. Licht, W. de Vos, 
& AJ. Waarlo (Eds.), Relating macroscopic phenomena to 
microscopic particles.(pp. 12-35). Utrecht: CD- Press. 


Arnaudin, M.W., & Mintzes, JJ. (1985). Students’ alternative 
concéptions of the human circulatory system: À cross age 
study, Se/ence Education, OY, 721-733. 


Arnaudin, M.W, & Nintzes, J.J. (1986). The cardiovascular 
System: Children's conceptions and misconceptions. 
Sciehce and Children, 23 (5), 48-51. 


Atwood, V. (Ed.). (1986). Elementary school social studies: 


Researcb as a guide to practice. Washington, DC: 
National Council for the Social Studies. 


B 
Baird, J., Fensham, P, Gunstone, R., & White, R. (1989). A 
study f ie lmportanee of reflection for Improving teach- 


ing and learning. Paper presented at the annual meeting 
of the National Association for Research in Science 
Teaching, San Francisco. (ERIC No. ED 507 151). 


Baird, J.R., & Mitchell, J. (Е45,). (1986). J1iproving tbe 
quality of teaching and learning: An Australian case 
study, Melbourne, Australia: Monash University Press. 


Bar, V. (1989). Children's views about the water cycle. . 
Science Education, 73, 481-500. 


Baxter, J. (1989). Children’s understanding of familiar 
astronomical events, International Journal of Science 
Education, 11, 502-513. 


. 


Веһг, М J. (1.987). Ratio and РЕВ: РЕ A synthesis of 
eight conference papers, In U. ‘Bergson, М. Hescuvits, & C. 
Kieran (Ecs. ), Psychology, and. mathematics education 


x Behr, M., Lesh, R,, Post, T,& silver, E. (1983). Rational num- 
ber. concepts. In R; Lesh & M. Lindau (Eds. 2, Acquisition — 


of mathematical concepts and processes (pp. 91-126). 
New York: Academic Press. 


Behr, M., Wachsmuth, I., Post, T., & Lesh, В. (1984). Crder 
and equivalence of rational numbers:A clinical teaching 
experiment. Journal for Research in Mathematics 
Education, 15, 323-341. 


Bell, A., Fischbein, E., & Greer, B. (1984). Choice of opera- 
tion in verbal arithmetic problems: The effects of number 
size, problem, structure, and context, Educational Studies 
in Mathematics, 15, 129-147. 


Bell, A., Swan, M., & Taylor, G. (1981). Choice of operations 
in verbal problems with decimal numbers. Educational 
Studies in Matbematics, 12, 399-420. 


Bell, B. (1981). When is an animal, not an animal? Journal 
of Biological Education, 15, 213-218. 


Bell, B., & Brook, A. (1984). Aspects of secondary students 
understanding of plant nutrition. Leeds, UK: University of. 
Leeds, Centre for Studies in Science and Mathematics 
Fducation. 


Bell, B., & Freyberg, P. (1985). Language in the science 
classroom. In R. Osborne & Р. Freyberg (Eds. ), Learning in 
Science (pp. 29- 40). Auckland, NZ: Heinemann." 


Benander, L., & Clement, J. (1985). Catalogue of errcr pat- 
terns observed in Courses in basic mathematics. Un- 
published manuscript. (ERIC Reproduction Service No. 
ED 287 672). 


Bernstein, A.C., & Cowan, РА. (1975). Children's concepts 
of how people get babies. Child Developnient, 46, 77-91. 


Berti, А. Е, (1988), The development o? political under- 
standing in children between 6-15 years old, Human 


Relations, 41, 437-446. 


Berti, А.Е. (1992). Acquisition of the profit concept by 


` third-grade children. Contemporary Educational 


Psychology, 17, 293-299. 


Berti, A.E., & Bombi, A.S. (1988). Tbe cbild's construction 
of economics, Cambridge: Cambridge University Press. 


Berti, A.E., & Grivet, A. (1990). The development of eco- 
nomic reasoning in children from 8 to 13 years old: Price 
mechanism, Contributi dt Psicología, (ll), 37-47. 


Bishop, В., & Anderson, C. (1990). Student conceptions of 
natural selection and its role in evolution. Journal of 
Research in Science Teaching, 27, 415-427. 


Black, P (1990). Can pupils design their own expe: iments? 
In Proceedings of the international conference on 


physics education through experiments (pp. 281-299). 


Tianjin, Ch:na: ЇСРЕ. 


Black, P, & Solomon, J. (1983). Life world and science 
world: Pupils’ ideas about energy. In G. Marx (Ed.), 
Entropy in the school: Proceedings of the бір Danube 
seminar on physics education (pp. 43-55). Budapest: 
Roland Eotvos Physical Society. 


m ferences. (о ће research cited in the map commentaries and to additional research on student learning. The 
bulk of this reference Hist is! | акеп from nance 15: THE RESEARCH BASE: of Benchmarks for Science Literacy. 


Bliss, J. (1978). Ideas of chance and probability in children . 
and adolescents. Physics Education, 13, 408-413. 


+ Blum, І.Н. (1977). Health information via mass media: 
. Study of the individual's concepts of the body and its 


parts. кы Reports, 40,991.299. | 


Boylan, С., Hill, D., Wallace, А., & Wheeler, А. (1992). : 
Beyond stereotypes. Science Education, 76, 465- 4; 6. 


Brook, A., Briggs, H., & Bell, В. ( 1983). Secondary stu- 
dents’ ideas about particles, Leeds, UK: The University of 
Leeds, Centre for Studies in Science and Mathematics. > 
Education. | 


Brook, A., & Driver, К. (1984). Aspects of secondary stu- 
dents’ understanding of energy: Sun. mary report. Leeds, 
UK: University of Leeds, Centre for Studies in Science and 
Mathematics Education. 


Brook, A., & Driver, R. (1986). The construction of mean- 


, гапа conceptual change in the classroom: Case stud- 


les on energy. Leeds, UK: University of Leeds, Centre for. 
Studies in Science and Mathematics Education. | 


Brook, А., & Wells, P. (1988). Conserving the circus: Ап 
alternative approach to teaching and learning about ener- 
gy. Ррухісх liducatton, 23, 80-85, 


Brosnan,T. (1990). Categorizing macro and micro explana- 
tions of material change. In PL. Lijnse, P. Licht, W. de Vos, & 
AJ. Waarlo (Eds.), Relating macroscopic ррепотепа to 
microscopic particles (рр. 198-211). Utrecht, Holland: CD-B 
Press. 


Brown, C., Carpenter, T., Kouba, V., Lindquist, M., Silver, E., 
& Swafford, J. (Мгу 1988). Sccondary school results from 
the fourth NAEP mathematics assessment: Algebra, geome- 
try, mathematical methods, and attitudes. Mathematics 
Teacher, 337-347, 397. 


Brown, D., & Clement, J. (1989). Overcoming misconcep- 
tions via analogical reasoning: abstract transfer versus 
explanatory model construction. Instructional Science, 
18, 237-261. 


Brown, D., & Clement, J. (1992). Classroom teaching 
experiments in mechanics. In К. Duit, E Goldberg, & Н. 
Niedderer (Eds.), Research in physics learning: 
Theoretical issues and empirical studies (рр. 580-397). 
Kiel, Germany: Institute for Science Education at the 
University of Kiel. 


Brown, J. & VanLehn, К. (1982). Towards a generative theo- 
ry of “bugs.” In Т.Р, Carpenter, J. Moser, & Т. Romberg (Eds.), 
Addition and subtraction: A cognitine perspective (pp. 
117-135). Hillsdale, NJ: Lawrence Lrlhaum Associates. 


Brumby, M. (1979). Problems in learning the concept of - 
natural selection. Journal of Biological Education, | 
13,119-122. 


Brumby, M. (1982). Students’ perceptions of the concept | 
of Ше. Science Education, 66, 613-622. 


Brumby, M. N., Garrard, J., & Auman, J. (1985). Students' 
perceptions of the concept of health. Еиғоррап Journal 
of Science Education, 7, 307-323. 


Burger, W., & Shaughnessy, J. (1986). Characterizing the 
van Hiele levels of development in geometry. Journal for 
Research in Mathematics Education. 17,31-48. 


C 
Carey, S. (1985). Conceptual change in childhood. 
Cambridge, MA: MIT Press. 


Carey, S. (1991). Knowledge acquisition: Enrichment or 
conceptual change? In S. Carey & R. Gelman (Eds.), Tbe 
epigenesis of mind: Essays on biology and cognition 
(pp. 257-291). Hillsdale, NJ: Lawrence Erlbaum Associates. 


Carey, S., Evans, R., Honda, M. ‚Дау, E., & Unger, C. (1989). 
An experiment is when you try it and sec if it works: A 
study of grade 7 students' understanding of the construc- - 
tion of scientific kpowledge. International Journal of 
Science Education,11,514-529. ` 


Carpenter, T., Corbitt, M., Kepner, H., Lindquist, M., & Reys, 
R. (1981). Decimals: Results and implications from the sec- 
ond NAEP mathematics assessment. Arithmetic Teacher, 
28(8), 34-37. 


Carpenter, T, Lindquist, M., Matthews, W., & Silver, E. 
(1983). Results of the third NAEP mathematics assess- 
‘ment: Secondary school. Mathematics Teacher, 76, 652- 
659. 


Cai penter, T., & Moser, J. (1983). The acquisition of addi- 
‘tion and subtraction concepts. In R. Lesh & M. Landau 
(Eds.), Acqutsttion of mathematics: Concepts and 
` processes (pp. 7-44). New York: Academic Press. 


Carr, M., & Kirkwood, V. (1988). Teaching and learning 
^about energy in New Zealand secondary school junior sci- 
ence classrooms. Physics Education, 23, 86-91. 


Case, К., & Sowder, J. (1990). The development of compu- 
tational estimation: A neo-Piagetian analysis. Cognition 
and Instruction, 7, 79-104. 


Cbampagne, A., Gunstone, R., & KJopfer, L. (1985). 
Effecting changes in cognitive structures among physics 
students, In L. West & A. Pines (Eds.), Cognitive structure 


and conceptual change (pp. 61-90). Orlando, FL: Academic 


Press. 


Children's Learning in Science (1987). Approacbes to 
teaching tbe particulate tbeory of matter. Leeds, UK: 
University of Leeds, Centre for Studies in Science and 
Mathematics Education. 


Clement, J. (1982). Algebra word problem solutions: | 
Thonght processes underlying а common misconception. 
Journal for Research in Mathematics Education; 13, 16- 
30. | 

Ciement, J. (1987). Overcoming students’ misconceptions 
in physics: The role of anchoring intuitions and analogical 
validity. In J. Novak (Ed.), Proceedings of the second inter- 
national seminar misconceptions and educational strate- 
giesrán science and mathematics (Vol. Ш, pp. 84-96). 
Ithaca, NY:.Cornell University. 


Clement, J. (1989). The concept of variation and miscon- 
ceptions in Cartesian graphing. Focus on Learning 
Problems in Mathematics, 11(1-2), 77-87. 


Clements, D., & Battista, M. (1989). Learning of geometric 
concepts in a Logo environment. Journal for Researcb tn 
Mathematics Education, 20, 450 467. 


Clements, D., & Battista, M. (1990). The effects of Logo on 
children’ 5 conceptualizations of angle and polygons. 
Journal for Research in Mathematics Education, 21, 
356-371. 


Clements, D., & Battista, M. (1992). Geometry and spacial 
reasoning. In D. Grouws (Ed.), Handbook of research on 
mathematics teaching and learning (pp. 420-464). New 
York: Macinillan Publishing Company. 


Clough, E.E., & Wood-Robinson, C. (1985a). How second- 
ary students interpret instances of biological adaptation. 
Journal of Biological Education, 19, 125-130. 


Clough, E.E., & Wood-Robinson, C. (1985b). Children's 
understanding of inheritance. Journal of Biological 
Education, 19, 304-310. 


Connell, К. (197.1). Tbe child’s construction of politics. 
Calton, Australia: Melbourne University Press. 


Contento, I. (1981). Children's thinking about food and 
eating: А Piagetian-based study. Journal of Nutrition 
Education, 13(1), 86-90. 


Cooley, W., & Klopfer, L. (1961). Test on understanding 
science, Form W. Princeton: Educational Testing Service. 


D 
Damon, W. (1977). Tbe soctal world of the child. San 


` Francisco: Jossey-Bass. 


Deadman, J., & Kelly, P. (1978). What do secondary school 
boys understand about evolution and heredity before 
they are taught the topics? Journal 9 Віоіѓорісаі 
Education, 12, 7-15. 


Ta Dickinson, A.K., Lee, PJ., & Rogers, PJ. (Eds.). (1984). 


Learning history (pp. 39-84). London: Heinemann 
Educational Books. 


Donaldson, M. (1978). Children’s minds. New York: W.W. 
Norton & Company. 


Donnelly, J.F (1992). Technology in the school curriculum: 
А critical bibliography. Studies in Science Education, 20, 
123-156. 


Dossey, J., Mullis, I., Lindquist, M.M., & Chambers, D 
(1988). The mathematics report card: Trends and 
achievement based on the 1986. national assessment. 
Princeton, NJ: Educational Testing Service. 


Downo: M. & Levstik, L. (1988, September). Teaching and 
learning history: The research base. Soctal Education, 
336-342. 


Downey, M. & Levstik, L. (1991), Teaching and learning 
history. In J. Shaver (Ed.), Handbook of research on 
social studies teaching and learning (pp. 400-410). New 
York: Macmillan Publishing Company. 


Dreyfus, A., & Jungwirth, E. (1988). The cell concept of 
10th graders: Curricular expectations and reality. 
Internatiovial Journal of Science Education, 10, 221-229. 


Dreyfus, A., & Jungwirth, E. (1989). The pupil and the liv- 
ing cell: А гахопоту of dysfunctional ideas about an 
abstract idea. Journal of Biological Education, 23, 49-55. 


Driver, R. (1985). Beyond appearances: The conservation 
of matter under physical and chemical transformations. In 
R. Driver, E. Guesne, & A. Tiberghien (Eds.), Children’s 
ideas {п science (pp. 145-169). Milton Keynes, UK: Open 
University Press. 


Driver, R., Guesne, E., & Tiberghien,A. (1985). Some fea- 
tures of children's ideas and their implications for teach- 
ing. In R. Driver, E. Guesne, & A. Tiberghien (Eds.), 
Children’s ideas іп science (pp. 193-201). Milton Keynes, 
UK: Open University Press. 


Driver, R., & Millar, R. (1985). Energy matters. Leeds, UK: 
University of Leeds, Centre for Studies in Science and 
Mathematics Education. 


Duit, R., Goldberg, E, & Niedderer, H. (Eds.). (1992). 
Research іп physics learning: Theoretical issues апа | 
empirical studies. Kiel, Germany: Institute for Science 
Education at the University of Kiel. `` E 


‘ 


- ‘Duschl, R., Smith, M. ‚ Kesldou, 5.; Gitomer, D., & Schauble, 
L. (1992, April). Assessing: student-explanations: for criteria. 


to format conceptual change: learning: environnients. 
Paper presented at the arinual meeting of the American 
Educational Research Association, бап Francisco, CA. 


Dykstra, D., Boyle, C., & Monarch, 1. (1992). Studying con- 
ceptual change in learning physics. Sctence Education, 
76, 615-652. 


E 

Edwards, С. Р, (1986). Promoting socicl and moral devel- 
opment in young children. New York: Teachers oe 
Press. 


Egan, K. (1982, March). Teaching history to young chil; 
dren. Phi Delta Kappan, 439-441. 


Ericksen, D. (1991). Students ability to recognize patterns. 
School ӛсіепсе and Mathematics, 91, 255-258. 


Erickson, G. (1985). Heat and temperature: An overview of 
pupils’ ideas. In К. Driver, E. Guesne, & A.Tiberghien 
(Eds), Children’s ideas in science (pj. 55-66). Milton 
Keynes, UK: Open University Press. 


F 

Falk, R., & Levin, I. (1980). A potentia! for learning proba- 
bility in young children. Journal for Researcb їп 
Mathematics Education, 11, 181-204. 


Fischbcin, E., & Gazit, А. (1984). Does the teaching of 
probability improve probabilistic intuitions? Educational 
Studtes in Mathematics, 15, 1-24. 


Fleming, R. (198бау- Adolescent reasoning in socio-scien- 
tific issues. Part I: Social cognition. Journal of Research 
іп Science Teaching, 23, 677-687. 


Fleming, R. (1986b). Adolescent reasoning in socio-scien- 
tific issues. Part П: Nonsocial cognition. Journal of 
Research in Sctence Teaching, 23, 688-698. 


Fleming, К. (1987). High school graduates’ beliefs about. 
science-technology-society II. The interaction among sci- 


' ence, technology, society. Science Educatio, 71, 163-186. 


Fort, D., & Varney, Н. (1989). How stuclents see scientists: 
Mostly male, mostly white, and mostly benevolent. Science 
and Children, 26(8), 8-13. : 


Foster, T. (19922). Technology education research: Looking ` 


to the future. Tbe Technology Teacher, 52(1), 33-34. 


Foster, T. (1992b). Topics and methods of recent graduate 
student research in industrial education and related fields. 
Journal of Industrial Teacber Education, 30, 59-72. 


Freyberg, P. (1985). Implications across the curriculum. In 
К. Osborne & P. Freyberg (Eds), Learning in sctence (pp. 
125-135). Auckland, NZ: Heinemann. 


Fuson, К. (1988). Children’s counting and concepts of 
number. New York: Springer Verlag. E 


Fuson, К. (1992). Research on whole number addition and 
subtraction. In D.A. Grouws (Ed.), Handbook of research 
on mathematics teaching and learning (pp. 243-275). 
New York: Macmillan Publishing Company. 


Fuson, К., Richards, J., & Briars, D. (1982). The acquisition 
and elaboration of the number word sequence. In C. 
Brainerd (Ed), Progress in cognitive development yee 
research Vol. 1: Children’s logical and mathematical cog- 
nition (pp. 33-92). Renton Springer Verlag. 


Fuson, K., & Willis, G. (1989). Second graders' use of 


г. schematic drawings іп solving addition and subtraction 
.: word problems. Journal of Educational Psychology, 81, 


514520. ._ - 


G. 
Gal, I., Rothschild, K. , & Wagner, D. (1990), Which group is 


-. better? The development; cof statistical reasoning: in ele- 


mentary’ ‘school children: ‘Paper. prescnted at the American 
Educational Reseatch Association, Boston, МА. 





бо 






York: : Macmillan Publishing pm 


; Garfield; Ы» &Ahlgren, А. (1988). Difficulties in learning 


. prob: bility: and, statistics: Implications for research, Journal 


ae Research: in Mathematics Education, 19, 44-63. 


<  Gariglianó; к id 975). SCIS: Children: s understanding of the 
[ind согар! берері ‘Science and: Mathematics, 75; 2 


Sega, P. (1986), Science- in diemam ағ education: New | 





Gellert, Е. (1962); Children" 5 conceptio 4 
and functions of the human. body. Genetic Frrhology: 
Monographs, 65, 292-305. 


4. M 


Goldman, RJ., & Goldman, J.D. (1982). How children me. | 
ceive the origin of babies and the role of mothers and 
fathers іп procreation: A erossnational. study. Child 


. Development, 53, 491-504. 


\ 
Good; R., Trowbridge, J., Demastes, S., Wandersee, J., 
Hafner, M., & Cummins, C. (Eds.). ( 1993). Proceedings of 
the 1992 evolution education research conferénce. Baton: 
Rouge, LA: Louisiana-State University. 


Graeber, A., & Tirosh, D. (1988). Multiplication and division 
involving decimals: Preservice elementary teachers' per- 
formance and beliefs. Journal of Matbematical 
Bebavtor, 7, 263-280. 


Greeno, J. (1982, March).A cognitive learning analysis of 
algebra, Paper presented at the annual meeting of the 
American Educational Research Association, Boston, MA. 


: Greer, В. (1992), Multiplicatior. and division as models of 


situations. In D. А. Grouws (Ed.), Handbook of research 
on mathematics teaching and learning (pp. 276-295). 
New York: Macmillan Publishing Company. 


Grosslight, L., Unger, C., Jay, Е., & Smith, C.L. (1991). 
Understanding models and their use in science: Concep- 
tions of middle and high school students and experts:. 
Journal of Research in Science Teaching, 28, 799-822. 


Grouws, D. (Ed.) (1992). Handbook of research on matb- 
ematics teaching and learning. New York: Macmillan 
Publishing Company. 


Guesne, E. (1985). Light. In R. Driver, E. Guesne, & A. 
Tiberghien (Eds.), Children’s ideas in science (pp. 10-32). 
Milton Keynes, UK: Open University Press. 


Gunstone, R., & Watts, M. (1985). Force and motion. In R, 
Driver, E. Guesne, & A. Tiberghien (Eds.), Children’s ideas 
іп science (pp. 85-104). Milton Keynes, UK: Open 
University Press. 


Gunsjone, R., & White, R. (1981). Understanding of gravity. 
Science Education, 65, 291-299. ж 


H 

Шап, R.N. (1970). Piaget and thinking in history. In M. 
Dallard (Ed.), New movements іп the study and teaching 
of bistory. Bloomington: Indiana University Press. 


Hallam, R.N. (1979). Attempting to improve logical think- 
ing in school history. Researcb in Education, 21, 1-24. 


Hallden, O. (1988). The evolution of species: Pupils' per- 
spectives and school perspectives. International Journal 
of Science Education, 10, 541-552. 


Нит, К. (1988). Ratio and proportion. In J. Hiebert & M. 
Behr (Ез), Number concepts and operations іп the 
middle grades (pp. 198-219). Reston, УА: National Council 
of Teachers of Mathematics. 


Hawkins, A., & Kapadia, R. (1984). Children's conceptions 
of probability: A psychological and pedagogical review. 
Educational Studies in Matbematics, 15, 349-377. 
















= 73-9. 


AME Е 


Heller, P, Ahlgren, A., Post, T., Behr, M., & Lesh, К. (1989). 
Proportional reasoning: The effect of. two context vari- 
ables, rate ty pe, and problem setting. Journal of Researcb 
in Science 1zaching, 26, 205:220. 


Hembree, R., & Dessart, D. (1986). Effects. of hand held cal- 
culators in precollege mathematics éducation: А meta- 


., analysis. Journal for Research. in Ма ematics 


Education, 17, 83-89. 






“Hennessy, S., McCormick, R,& Murphy, (1993). The 





_ technology : as an. example. Tb ; 


, HefaenritheiJ. T ‘Rabinowitz, М: 991. Age-related dif- 


^ ferences in the organization of children’ 8 knowledge of 
“Шіпевв; Developmental Psychology, 27, 952-959. . 


Herget, D. (Ed.). (1989). The history and philosophy of sci- 
ence in.science teaching. Proceedings of the first interna: 
tional conference (Vols. 1-2). Tallahassee, FL: Florida State 
University. і 


Herscovics, N. (1989). Cognitive obstacles encountered іп 
the learning of algebra. In S. Wagner & C. Kieran (Eds.), 
Research issues in the learning and teaching of algebra 
(pp. 60-86). Reston, VA: National Council of Teachers of 
Mathematics. | 


Hess, R., & Torney, J. (1968). The development of political 
attitudes in children. Garden City, NY: Doubleday & . 
Company. 


Hiebert, J. (1992). Mathematical, cognitive, and instruc- 


‚ tional analyses of decimal fractions. In G. Leinhardt, R. 


Futnam, & К. Hattrup (Eds.), Analysis of aritbmetic for 
таіретайс: teaching (pp. 283-322). Hillsdale, NJ 3 
Lawrence Erlbaum Associates. 


Hiebert, J., & Behr, M. (Eds.). (1988). Number concepts 
and operations in tbe middle grades. Reston, VA: 
National Council of Teachers of Mathematics. 


Hiebert, J., & Wearne, D. (1986). Procedures over con-, 
cepts: The acquisition of decimal number knowledge. In 
J. Hiebert (Ed.), Conceptual and procedural knowledge: 
The case of mathematics (pp. 199-223). Hillsdale, NJ: 
Lawrence Erlbaum Associates, 


Hill, D., & Redden, М. (1985). An investigation of the system 
concept. Sch uol Science and Mathematics, 85, 233-239. 


Hills, S. (Ed.). (1992). The bistory and philosophy of sci- 
елсе іп science education. Proceeding of the second 
international conference (Vols. 12). Kingston, Ontario: 
Queen's University. | 


Ingham,A.M., & Gilbert, J.K, (1991). The us* of analogue 
models by students of chemistry at higher education 
level, International Journal of Science Вапсайоп, 13, 
193-202. 


J 

Jahoda, G. (1979). The construction of economic reality 
by some Glaswegian children. European Journal of 
Social Psycbology, 19, 115-127. 


Jahoda, G. (: 981). The development of thinking about 
economic. institutions: the bank. Cabiers de Psycbologie 
Cognitive, 1(1), 55-73. 


Johnson, C., & Wellman, H. (1982). ‘Children's developing 
‘conceptions of the mind and brain. Child Development, 
53(1), 222-24. 


Joyce, W., Little, T., & Wronski, 5. (1991). Scope and 
sequence, goals, and objectives: Effects on social studies. 
Ia J. Shaver “Ed.), Handbook of research on social stud- 
les teaching and learning (pp. 321-331). New York: 
Macmillan Fublishing Company. 


Jung, W., Pfundt, H., & Rhoeneck, C. von. (Eds.). (1981). 
Proceedings of the international workshop on “problems 
concerning students’ representations of physics and chem: 
istry knowledge." Ludwigsburg: Paedagogische Hochschule. 


Jung, W., Wiesner, H., & Engelhard, P. (1281). Vorstellungen 
von Schuelern ueber Begriffe der Newtonscben 
Mechanik. Bad Salzdetfurth: Didaktischer Dienst 
Franzbecker. 


Jungwirth, E. (1987). Avoidance of logical fallacies;A neg- 
lected aspect of science education and science-teacher 
education. Research іп Sclénce and Technological 


' Education, 5, 43-58. 


Jungwirth, E. (1975). Precónccived »daptation and invert: : 


ed evolution (а cage study of distorted concept fermation 
іп high school biology). Australian Science Teacher ` 
Journal, 21, 95-100. 


Jungwirth, E., & Dreyfus, А. (1990). Identification and ` 
acceptance of a posteriori causal assertions invalidated by 
faulty enquiry methodológy: An international study of cur- 
ricular expectations and reality. In D. Негрес (Ed.), More 
history and philosophy of science in science teaching 
(pp. 202-211). Tallahassee, FL: Florida State University, 


Jungwirth, E., & Dreyfus, А. (1992). After this, therefore 
because of this: One way of jumping to conclusions. 
Journal of Biological Education, 26, 139-142. 


K 

Kahneman, D., Slovic, P, & Tversky, А. (1982). Judgment 
under certainty: Heuristics and biases. Cambridge: 
Cambridge University Press. 


Kaput, J. (1992). Technology and mathematics education. 
Іп Б.А. Grouws (Ed.), Handbook of research on mathe- 
matics teaching and learning (pp. 515- 556). New York: 
Macniillan Publishing Company. 


Kargbo, D., Hobbs, E., & Erickson, G. (1980). Children's 
beliefs about inherited characteristics. Journal of 
Biological Education, 14, 137-146. 


Karplus, R., Pulos, S., & Stage, E. (1983). Proportional rea- 
soning of early adolescents. In R. Lesh & M. Landau (Eds.), 
Acquisition af malhbematles concepts und processes. 

New York: Academic Press. 


Karplus, R. & Thier, H. (1969). A new look at elementary 
school science; science curriculum improvement study. 
Chicago: Rand McNally. 


Keil, Е (1989). Concepts, kinds, and cognitive develop- 
ment. Cambridge, MA: MIT Press. 


Kerslake, D. (1981). Graphs. In K. M. Hart (Ed.), Children’s 
understanding of mathematics: 11-1G (pp. 120-136). 
London: John Murray. 


Kesidou, 8. (1990). Schuelervorstellungen zur 
Irreversibilitaet. Kiel: Institute for Science Education at 
the University of Kiel. 


Kesidou, S., & Duit, К. (1993). Students’ conceptions of the 
second law of thermodynamics: An interpretive study. 
Journal of Research on Science Teaching, 30, 85-106. 


Kieran, C. (1981). Concepts associated with the equality 
symbol. Educational Studies in Mathematics, 12, 317-326. 


Kieran, C. (1984). A comparison between novice and 


` more-expert algebra students on tasks dealing with the 


equivalence of equations. In J. Moser (Ed.), Proceedings of 
the sixth annual mecting of PMI-NA (pp. 83-91). Madison: 
University of Wisconsin. 

Kieran, C. (1988). Two different approaches among alge- 
bra learners. In A. E Coxford (Ed.), Tbe ideas.of algebra, 
K-12 (1988 Yearbook, pp. 91-96), Reston, УА: National 
"Council of Teachers of Mathematics, 


Kieran, С. (1989). The early learning of algebra: A structur- 
al perspective. In S. Wagner & C. Kieran (Eds.), Research 
issues in tbe learning and teaching of algebra (pp. 33- 
56). Reston, VA: National Council ыы of 
Mathematics. 


Кїеггп, С. (1992). The learning and teaching of school 
algebra. In D. Grouws (Ed.), Handbook of research on 
mathematics teaching and learning (pp. 390-419). New 
York: Macmillan Publishing Company. 


Kieren,T. (1992). Кагіопа! and fractional numbers as math- 
“ematical and persenal knowledge: Implications for cur- 
riculum and instruction. In G. Leinhardt, R. Putnam, & R. 
Hattrup (Eds.), Analysts of arithmetic for mathematics 
‘teaching (pp. 323-372). Hilisdale, NJ: Lawrence Erlbaum 
` Associates. 


Kimbell, R., Stables, K., Wheeler, T., Wosniak, A., & Kelly, V. 
(1991). The assessment of performance in design and 
technology. London, UK: School Examinations and 
Assessment Council. 


Kircher, E. (1985). Analogies for the clectric circuit? In R. 
. Duit, W. Jung, and C. von Rhoeneck (Eds.), Aspects of 

understanding electricity (pp. 299-310). Kiel, Germany: 

Institute fos Science Education at the University of Кісі. 


Kitchener, K. (1982, Fall). Educational goals and reflective 
thinking. The Educational Forum, 75-95. 


Kitchener, К., & King, P. (1981). Reflective judgment: 
Concepts of justification and their relationship to age and 
education. Journal of Applied Developmental 
Psycbology, 2, 89-116. 


Klopfer, L., & Cooley, W. (1963). Effectiveness of the histo- 
ry of science cases for high schools in the development 
of student understanding of science and'scientists. 
Journal of Research іп Sctence Teaching, 1, 35-47. 


Kova, V., Brown, C., Carpenter, T., Lindquist, M., Silver, E., 
& Swafford, J. (1988). Results of the fourth NAEP assess- 
ment of mathematics: Numbers, operations, and word 
problems. Arithmetic Teacher, 35(8), 14-19. 


Kuhn, D. (1991). The skills of argument. Cambridge: 
Cambridge University Press. 


Kuhn, D. (1992). Thinking as argument. Harvard Жесе: 
tional Кецеш, 62, 155-178. 


Каћа, D.,Amsel, E., & O'Loughlin, M. (1988). The develop- 
ment of sctentific thinking skills. San Diego, CA: : 
Academic Press. 


L 


Lawson,A.; & Thomson, L. (1988). Formal reasoning ability. 


and misconceptions concerning genetics and natural 
selection. Journal of Research (n Science Teaching, 25, 
733-746. 


Lawson, A., & Worsnop, W. (1992). Learning about evolu- 
tion and rejecting a belief about natural creation: Effects 
of reasoning skill, prior knowledge, prior beliefs and reli- 
gious commitment. Journal of Reseai cb in Sctence 
` Teaching, 29, 143-166. 


Lazar A., & Torney-Purta, J. (1991). The development of the 
subconcepts of death in young children: A short-term lon- 
gitudinal study. Child Development; 62, 1321-1333. 

Leach, J., Driver, R.. Scott, P, & Wood-Robinson, C. (1992). 
Progression іп understanding of ecological concepts by 
pupils aged 5 to 16. Leeds, UK: The University of Leeds, 
Centre for Studies in Science and Mathematics Education. 


Lederman, М. (1992), Students’ and teachers' conceptions 
of the nature of science: А review of-the research. 
Journal of Research іп Science Teaching, 29, 331-359. 


Lederman, N., & O'Malley, M. (1990). Students' percep- 
tions of the tentativeness in science: Development, use, 
and sources of change. Science Education, 74, 225-239. 


Lee, O., Eichinger, D.C., Anderson, C.W., Berkheimer, G.D., 
& Blakeslee, T.S. (1993). Changing middle school students' 
conceptions of matter and molecules. Journal of 
Research іп Sclence Teaching, 30, 249-270. 


Lee, РЈ. (1984). Historical imagination. In А.К. Dickinson, 
PJ. Lee, & PJ Rogers (Eds.), Learning bistory (pp. 85-117). 
London: Heinemann Educational Books. 


Leinhardt, G., Zaslavsky, O., & Stein, M. (1990). Functions, 
graphs, and graphing: Tasks, learning, and teaching. 
Review of Educational Research, 60, 1-64. 


Levstik, L. (1986). The relationship between historical 
response апа narrative in a sixth-grade classroom. Theory 
and Research іп Social Education, 16(1), 1-19 


Levstik, L. (1988). Historical narrative and the young read- 
ег, Theory into Practice, XXVMI(2), 114-119. 


Levstik, L. & Pappas, C. (1987). Exploring the develop- 
ment of historical understanding. Journal of Researcb 
ата Development іп Education, 216, 1-15. 


Lewis, E.L. (1991, April). The development of understand- 
ing in elementary thermodynamics. Paper presented at 
the annual meeting of the American Educational Research 
Association, Chicago, IL. (ERIC No. ED 344 744). 


Lijnse, P. (Ed.). (1985). Tbe many faces of teaching and 
learning n:ecbanics: Conference on physics education. 
Utrecht: GIREP/SVO/UNESCO. 


Lijnse, P, Licht, P, de Vos, W., & Waarlo А. (Eds.). (1990). 
Relating microscopic phenomena to microscopic parti- 
cles. Utrecht, Holland: CD-6 Press. , 


Linn, M., Clement, C., & Pulos, S. (1983). Is it formal if it’s . 


not physics? The influence of content on formal reason- 
ing. Journal of Research іп Sclence Teaching, 20, 755- 
776. 


Linn, M., & Songer, N.B. (1991). Teaching thermo-dynamics 
to middle school students: What are appropriate cognitive 
demands? journal of Research tn Science Teaching, 28, 
885-918.. 


Linn, M. & Swiney, J. (1981). Individual differences in Ёог-. 


mal thought: Role of cognitions and aptitudes. Journal of 
Educational Psychology, 73, 274-286. 


Lucas, A. (1971). The teaching of adaptation. Journal of 
Biological Education, 5, 86-90. 


M 


Mackey, L. (1971). Development of understanding about 
the nature of science. Journal of Researcb іп Science : 
Teaching, 8,57-66. | 


Mackey, J, (1991). Adolescents’ social, cognitive, and moral 
development and secondary school social studies. In J. 
Shaver (Ed.), Handbook of research on soctal studies 
teaching and learning. New York: Macmillan Publishing 
Company. 


Markovits, Z., & Sowder, J. (1991). Students’ understanding 


of the relationship between fractions and decimals: Focus . 


on Learning Problems іп Mathematics, іза), 3-11, 


‚ Marton, Е (1978). Phenom n graphy: 1 Decr ing. concep- Е 
tions of the world around. : 7 е 
` 177-200. 


Сениби; Journal Е ння вайсамоп, 64, 6166 18. 





nos Pergamon Press 


Matthews, M. (Ed.). (1991). History, philosophy, ата sct- 
ence teaching, Selected readings, Toronto: OISE Press. 


M«Cormick, R., Hennessy, S., & Murphy, P. (1993, April). 
Problem-solving processes in technology education. Paper 
presented at the 55th annual conference of the ITEA, 
Charlotte, NC. 


McDermott, L. (1983). Critical review of research in the 
domain of mechanics. Proceedings of tbe first interna- : 
tional workshop resarch on pl-ysics education (pp. 139- 
182). Paris: Editions du CNRS. 


McD =zrmott, L., Rosenquist, M., & van Zee, Б. (1987). 
Student difficulties in connecting graphs and physics: 
Example from kinematics. American Jotirnal of Physics, ^ 
55, 503-513. | 


McLeod, D. (1992). Affect in mathematics education: A 
reconceptualization. In D. Grouws (Ed.), Handbook of 
research on mathematics teaching und learning (pp. 
575-596). New York: Macmillan Publishing Company, 


Mead, M., & Metraux, R. (1957). Image of the scientist 


among high-school students: A pilot study, Sc/ence, 26, 
384-390. 


Merkle, D.G., & Treagust, D.E (1987). Secondary school stu- 
dents' locus of control and conceptual knowledge relating 
to health and fitness. In J. Novak (Ed.), Proceedings of thre 
second international seminar misconceptions and ейи- 
cational strategies in science and mathematics (Vol. Tl. 
pp. 325-335). Ithaca, NY: Cornell University. 


Millar, R. (1990). Making sense: What use are particles to 
children? In P. Lijnse, P. Licht, W. de Vos, & AJ. Waarlo 
(Eds), Relating macroscopic phenomena to microscople 


: particles (pp. 283-293). Utrecht: СОЗ) Press, 


Minstrell, J. (1982). Explaining the “at rest" condition of an 
object. The Physics Teacher, 20, 10-14. 


Minstrell, J. (1989). Teaching science. for understanding. In 
L. Resnick & L. Klopfer (Eds), Toward the thinking cur- 
riculum: Current cognitive research (pp. 129-149). 
Alexandria, VA: Association for Super ision and 
Curriculum Development. 


Minstrell, J. (992). Facets of students’ knowledge and rel- 
evant instruction. In R. Duit, E. Goldberg, & H. Niedderer 
(Eds.), Research іп рруѕісѕ learning: Theoretical issues 
апа empirical studies (pp. 110-128). Kiel, Germany: | 
Institute for Science Education at the University of Kiel. 


Minstrell, J., Stimpson, Y., & Hunt, E. (1992, April). 
Instructional design and tools to assist teachers in 
addressing students' understanding and reasoning. Paper 
presented at the annual meeting of the American 
Educational Research Association, San Francisco. 


Mintzes, J., Trowbridge, J., Arnaudin, M., & Wandersee, J, 
(1991). Children’s biology: Studies on conceptual devel- 
opment in the life sciences. In 5. Glyrn, R.Yeany, & B. 
Britton (Eds.), Tbe psychology: of learning science (pp. 


179-202). Hillsdale, ы алы cQ M Su ES 


Mokros, J., &' Russell, S 1992). Children’ s concepts of 
average and терлетеді еа. Wor king Paper, 492. 
Cambridge, MA: TERC.. 


Ж Mokros „Ju & Tinker, R. (1987). The impact of microcom- 
) Раса. labs. оп: childrens ability to. interpret E | 










~: Moore, $.W,, Lare, J., & Wagner, К. (1985). Tbe child's polit- 















Novak M B. wå m ee how to léarn. 
Cambridge: Cambridge acad Press. 

Nussbaum, J. (9852). The earth as a ойе body. In R. 
Driver, E. Guèsne, & A, Tiberghien (Eds. ЭЗ Children’ $ ideas 


in sclence (pp. 170-192). Milton Keynes, UK: Open | 
University Press. 


^ 
| 


Nussbaum J. (1985b); The particulate nature of matter in 
the gaseous phase. In R. Driver, E. Guesne, & A. Tiberghien 
(Eds.), Children's ideas in science (pp. 124-144). Milton 
Keynes, UK: Open University Press. \. 


О 

Ogborn, J. (1985). Understanding students’ understand- 
ings: An example from dynamics. European Journal of 
Science Education, 7, 141- 150. ! i 


` Osborne, А. (1985). Building on children's intuitive ideas. 


Іп К. Osborne & P. Freyberg (Eds. ) Learning іп Science 
(pp. 41- -50). Auckland, NZ: Heinemann. · 


Osborne, K., & Freyberg, P. (1985). Children’ $ science, In 
К. Osborne & Р. Freyberg (Eds.), Learning іп Science (pp. 
5-14). Auckland, М2: Heinemann. / 


P 
Peck, D., & Jencks, S. (1981). Conceptual issues in the 
teaching and learning of fractions. Journal for Researcb 
in Mathematics Education, 12, 339-348. 


Perry, W. G., Jr. (1970), Forms of intellectual and etbical 
development in the college years. Fort Worth, TX: HBJ 
College Publishers. 


, Pfundt, Н. (1981). The atom—the final link.in the division 
processor the first building block? Chemica Didactica, 7, 
75-94. 


Pfundt, H., & Duit, R. (1991). Bibliography. Students’ alter- 
native frameworks and science education Grd Ed.). 
Kiel, Germany: Institute for Science Education at the 
University of Kie!. 


Piaget, J., & Inhelder, B. (1975). The origin of the idea of 
chance in children. London: Routledge & K&gan Раш.” 


Pirsig, R. M. (1974). Zen and the art of motorcycle main- 
tenance:An inquiry into values, New York: William 
Morrow. 


Pollatsek, A., Lima, S., & Well, A. (1981). Concept of com- 
putation: Students' understanding of the mean. 
Educational Studies in Mathematics, 12, 191-204. 


Prout,A. (1985). Science, health, and everyday knowledge: 
A case study about the common cold. European Journal 
of Science Education, 7, 399-406, 


R 
Ramadas, J., & Driver, В; (1989). Aspects of secondary stu- 
dents’ ideas about light. Leeds, UK: University of Leeds, 

Centre for Studies in Science and Mathematics Education, 


Ramsey, Р. (1986). Racial and cultural categories, In С.Р. 
Edwards (Ed.), Promoting social and moral development 
in young children (pp. 78-101). Columbia University: . 
Teachers College Press. 


Resnick, L., Nesher, P, Leonard, E, Magone, M., Omanson, 
S., & Peled, I. (1989). Conceptual bases of arithmetic 
errors: The case of decimal fractions. Journal for 
Research in Mathematics Education, 20, 8-27. `. 


. 


Rice, P. (1991). Concepts of health and illness in Thai chil- 


' dren. International Journal of Science Education, 13, ` 


: (1986) Research on teaching 
disciplines of scientific 

bo ‘of research оп 
rk: Macmillan: Publishing 





B TOME CO NNNM 
scientific discourse: Findings from language minority class- 
_ rooms: (Working рарег:1-92). Cambridge, МА: ТЕКС. 


Ross, J.A. (1988). Controlling variables: A meta-analysis of 
training studies. Review of Educational Research, 
58,405-437. Я 


Roth, K., & Anderson, С. (1987). The power plant: 


` Teacher's guide to photosynthesis. Occasional Paper no. 


112. Institute for Research on Teaching. East Lansing: 
Michigan State University. ERIC No. ED 288 699). 


Rowell,J., & Dawson, C. (1984). Controlling variables: 
Testing a programme for teaching a general solution strat- 
egy. Research in Science and Technological Education, 
2(1), 37-46. 


Ruggiero, S., Cartelli, A. ; Dupre, E, & Vicentini- Missoni, M. 
(1985). Weight, gravity and air pressure: Mental represen- 
tations by Italian middle-school students. European | 
Journal of Science Education, 7, 181-194. 


Russell, T., Harlen, W., & Watt, D. (1989). Childrens’ ideas 
about evaporation. International Journal of Science 
Education, 11, 566-576. 


Russell, T., Longden, K., & McGuigan (1991). Materials. 
Primary Space Project Research Report. Liverpool, UK: 
Liverpool University Press, 

EN 


Russell, T., & Watt, D. (1990). Bvaporation and condensa- 
tion. SPACE Project Research Report. Liverpool, UK: 
Liverpool University Press, 


Ryan,A. & Aikenhead, G. (1992). Students' preconceptions 
about the epistemology of science. Sciénce Education, 
76, 559-580. 


5 

Sadler, P (1987). Misconceptions іп astronomy. Іп J. Novak 
(Ed.), Proceedings of the second international seminar 
misconceptions and educational strategies in science. 
and mathematics (Vol. TII, pp. 422-425). Ithaca, NY: 
Cornell University. 


Saxe, G., Becker, J., & Sadeghpour, M. (1989), 
Developmental differences in children's uuderstanding of 
number word conventions. Journal for Researcb in 
Matbematics Education, 20, 468-488. 


Scharmann, L., & Harris, W. (1992). Teaching evolution: 
Understanc ing and applying the nature of science. 
Journal of Researcb in Science Teacbing, 29, 375-388. 


Schauble, L. (1990). Belief revision in children: The role of 
prior knowledge and strategies for generating evidence. 
Journal of Experimental Child Psychology’, 49, 31-57. 


Schauble, L., Klopfer, L.E., & Raghavan, K. (1991). 
Students' transition from an engineering niodel to a sci- 
ence model of experimentation. Journal of Researcb in 
Science Teaching, 28, 859-882. 


Schoenfeld, A. (1985). Mathematical problem solving. 
New York: Academic Press. 


Schoenfeld, A. (19892). Explorations of students’ mathe- 
matical beliefs and behavior. Journal ‘or Research іп 
Mathematics Education, 20, 338-355. 


Schoenfeld, A. (1989b). Problem solving in context(s). In 
R. Charles & E. Silver (Eds.), The teacl'ing and assessing 
of mathematical problem solving (pn. 82-92). Reston, VA: 
National Council of Teachers of Mathematics. 


» Schoenfeld, А. (1992). Learning to think mathematically: ` 
‚ Problem solving, metacognition, and sense making in 


mathematics. In D. Grüuws (Ed.), Handbook of research . 
on mathematics teaching and learning (pp. 234-370). 
New York: Macmillan Publishing Company. 


Schug, M., & Вігкеу, C. (1985). The development of chil: ' 
dren's economic reasoning. Tbeory and Research іп 
Social Education, XIII(1), 31-42. 


Schug, M., & Lephardt, М. (1992, Septeinber). Development 
in children’s thinking about {спора trade. The Social 
Studies, 207-211, 


Senk, S. (1989). Van Hiele levels and achievement in writ- 
ing geometry proofs. Journal for Researcb tn. 
Mathematics Education, 20, 309-321. 


Sere, M. (1985). The gaseous state. In R. Driver, E. Guesne, 
& A. Tiberghien (Eds.), Children’s ideas in science (pp. 
105-123). Milton Keynes, UK: Open University Press. 


Shaughnessy, J. M. (1992). Research in probability and sta-. 
tistics: reflections and directions. In D. Grouws (Ed.), 


‘Handbook of research on mathematics teaching апа” 


learning (pp. 465-494). New York: Macmillan Publishing | 
Company. 


Shaver, J. (Ed.). (1991). Handbook of “esearch оп. social 
studies teaching and iearning. New York: Macmillan 
Publishing Company. 


Shayer, M., & Adey, P. (1981). Towards а science of science 
teacbing. London: Heinemann. 


Shelmit, D. (1984). Beauty and the philosopher: Empathy 
in history and classroom. In А.К. Dickinson, PJ. Lee, & PJ. 
Rogers (Eds.), Learning history (pp. 39-84). London: 
Heinemann Educational Books, 


Shortiind, M., & Warwick, A. CEds.). (1989). Teaching the 
Біо у of science. Oxford: Basil, Blackwell. f 


Simpson, M., & Arnold, B. (1985).The inappropriate use-of 
subsumers in biology learning. European Journal of 
Science Education, 4, 173-182. 


Smith, C., Carey, S., & Wiser, M. (1985). On differentiation: 
A case study of development of the concepts of size, 
weight, and density. Cognition, 21, 177-237. 


Smith, C., Snir, J., & Grosslight, L. (1987). Teaching for con- 
ceptual change using a computer modeling »pproach: The 
case of weight/density differentiation (Technical Report). 
Cambridge, MA: Harvard University, Educational Technology 
Center. (ERIC No. ED 291 598). 


Smith, E., & Anderson, C. (1986, April). Alternative concep- ; 
tions of matter cycling in ecosystems. Paper presented at 
the annual meeting of the National Association for 
Research in Science Teaching, San Francisco, CA. 


Sneider, C., & Pulos, S. (1983). Children's cosmographies: 
Understanding the earth's shape and gravity. Sctence 
Education, 67, 205-221. 


" Solomon, J. (1983). Learning about energy: How pupils 


think in two domains. European Journal of Science 
Education, 5, 49-59, 


Solomon, J. (1985). Teaching the conservation of energy. 
Physics Education, 20, 165-170. 


Solomon, J. (1991). Teaching about the nature of science 
in the British National Curriculum. Science Educatton, 
75,95-103. 


Solomon, J. (1992). Images of physics: How students are 
influenced by social.aspects of science. In R. Duit, E. 
Goldberg, & Н. Niedderer (Eds.), Research in physics 
learning: Theoretical issues and empirical studies (pp. 
141-154). Kiel, Germany: Institute for Science Education 
at the University of Kiel. 


Solomon, J., Duveen, J., Scot, L., & McCarthy, S. (1992). 
Teaching about the nature of science through history: 
Action research in the classroom. Journal of Researcb in 
Sctence Teaching, 29, 409-421. 


Sowder, J. (1988). Mental computation and number com- 
parison: Their roles in the development of number sense 
and computational estimation. In J. Hiebert & M. Behr 
(Eds.), Number concepts апа operations in tbe middle 
grades (pp. 182-197). Reston, VA: Nationa! Council of 
Teachers of Mathematics. 


Sowder, J. (1992a). Making sense of numbers in school 

` mathematics. In G. Leinhardt, R. Putnam, & К. Hattrup 
(Eds), Analysts of arithmetic for mathematics teaching 
(pp.1-51). Hillsdale, NJ: Lawrence Erlbaum Associates. 


Sowder, J. (1992b). Estimation and number sense. In D. 
Grouws (Ed.), Handbook of Research on Mathematics 
Teaching and Learning (pp. 371-389). New York: 
Macmillan Publishing Company. 


Sowder, J. & Wheeler, M. (1989). The development of con- 
cepts and strategies used in computational estimation. 
Journal Jor Research in Mathematics Education, 20, 
130-146. 


Stavy, R. (1990). Children’s conceptions of changes in the 
state of matter: From liquid (or solid) to gas. Journal of 
: Research іп Science Teaching, 27, 247-266. 


Stay, R. (1991). Children's ideas about matter. School 
Science and Mathematics, 91, 240-244. 


Stavy, R., Eisen, Y., & Yaakobi, D. (1987). How students 
aged 13-15 understand photosynthesis. International 
Journal of Sctence Education, 9, 105-115. 


Stone, L.C. (1986). International and multicultural educa- 
Чоп. In V, Atwoud (Ed.), Hementary Soclal Studles: 
Research as a guide to practice (pp. 34-54). Washington, 
DC: National Council for the Social Studies. 


Sutherland, К. (1987). A study of the use and understand- 
‘ing ӘҒаідеБга related concepts within a Logo environ- 
ment. In J. Bergeron, N. Herscovics, & C. Kieran (Eds.), 
Proceedings of tbe tentb international conference for 
the psychology of mathematics éducation (Vol. 1, pp. 
241-247). Montreal: University of Montreal. 


Suydam, M. (1985). The shape of instruction in geometry: 
Some highlights from research. Matbematics Teacber, 78, 
:481-486. 


T 
Threadgill- Sowder, J. (1984). "Computational estimation 
-procedures of young.childrer.. Journal of Educational 
Research, 77, 332-336. ' 


Tiberghien,A. (1985). Heat and temperature: The develop- 
ment of ideas with teaching. In R. Driver, E. Guesne & A. 
Tiberghien (Eds.), Children’s ideas іп science (pp. 66-84). 
Milton Keynes, UK: Open University Press. 


"Watts, M. (198b). A study, of school К 
.frameworks of the concept:of: force. European ое of oa 


Tiberghien, A. (1983). Critical review of the research 
aimed at elucidating the sense that notions of tempera- 
ture and heat have for students aged 10 to 16 years. In 
Proceedings of the first international workshop 
research on physics education (pp. 73-90). Paris: Editions 
du CNRS. 


Tierney, C., & Nemirovsky, R. (1991, Fall). Children’s spon- 
taneous representations of changing situations. Hands 
oni, 7-10. 


Tomasini, G., & Balandi, P. (1987). Teaching strategies and 
children's science: An experiment on teaching "hot and 
cold.” In J. Novak (Ed.), Proceedings of tbe second inter- 


. national seminar “misconceptions and educational 


strategies іп science and mathematics” (vol. II, pp. 158- 
171). Ithaca, NY: Cornell University. 


Tournaire, E, & Pulos, S. (1985). Proportional reasoning: 
A review of the literature. Educational Studies іп 
Mathematics, 16, 181-204. 


Trowbridge, J., & Mintzes, J. (1985). Students’ alternative ` 
conceptions of animals and animal classification. School 
Science ат! Mathematics, 85, 304-316, 


Turiel, E. (1983). Tbe development of social knowledge. 
Cambridge: Cambridge University Press. 


V 
Van Hiele, P (1986). Structure апа insigh. Orlando, FL: 
Acade:nic Fress. 


Vergnaud, G. (1988). Multiplicative structures. In J. Hiebert 
& M. Behr (Eds.), Number concepts and operations іп 
the middle grades (pp. 141-161). Reston, VA: National 
Council of ‘Teachers of Mathematics. 


Vergnaud, G., & Errecalde, P. (1980). Some steps in the 
understanding and the use of scales and axis by. 10-13 
year old students. In К. Karplus (Ed.), Proceedings of the 
fourth international conference for the psycbólogy of 
mathematics education (pp. 285-291). (ERIC Reproduc- 
tion Service No. ED 250 186). 


Vosniadou, $. (1991). Designing curricula for conceptual 
restructuring; lessons from the study of knowledge acqui- 
sition in ast ronomy. Journal of Curriculum Studies, 23, 
219-237. 


Vosniadou, S., & Brewer, W. (1992). Mental models of the . 
earth: A study of conceptual change in childhood, 
Cognitive Psychology, 24, 535-585. 


W 

Wagner, S. (1981). Conservation of equation and function 
under.transformations of variable. Journal for Research 
in Mathematics Education, 12, 107-118. 


Wagner, S., & Kieran, C. Eds.) (1989). Research issues іп 
the learning and teaching of algebra. Reston, VA: 
National Council of Teachers of Mathematics. 


‘Waterman, M. (1983). Alternative conceptions of the ten- 
tative nature of scientific knowledge. In ). Novak (Ed.), 
Proceedings of the international seminar misconcep- 
tions in science and mathematics (pp. 282-291). Ithaca, 
NY: Cornell University. 


Watts, M. (19832). Some alternative views of energy. 


Physics Education, 18, 213-217. . 








Science Education, 5, 217-230. 


children’ s alternative. M 


Wavering, M. /1985, April). The logical reasoning neces- 
sary to make line graphs. Paper presented at the annual 
meeting of the National Association fcr Research in 
Science Teaching, French Lick Springs, Indiana.” 


Wearne, D., & Hiebert, J. (1988). Constructing and using 
meaning for mathematical symbols: The case of decimal 
fractions. In J. Hiebert & M. Behr (Eds.), Number concepts 
and operations іп the middle grades (pp. 220-235) 
Reston, VA: National Council of Teachers of Mathematics: 


Weare, D., & Hiebert, J. (1989). Cognitive changes during 
conceptually. based instruction on decimal fractions. 
Journal of Ғапсайопа! Psychology, R1, 507-513. (ERIC 
No. ED 254 409). 


Welch, W. (1 973). Review of.the reseatch and evaluation 
program of Harvard Project Physics. Journal of Research 
in Science Teaching, 10, 365-378. 


Welch, W., & Pella, М. (1967). The development of an 
instrument for inventorying knowledge of the processes 
of science. Journal of Reseurch іп Science Teaching, 5, 
64-68. 


Welch, W., & Walberg, H. (1972). A national experiment ir. 
curriculum evaluation. American Еапсайопа! Research 
Journal, 9, 373-383. | 


Welch, W., & Walberg, Н. (1968). A design for curriculum 
evaluation. Sctence Education, 52, 10-16. 


Wellman, H.M., & Johnson, С. (1982). Children’s under- 
standing of food and its functions: A preliminary study of 


_the development of concepts of nutrition. Journal of 


Applied Developmental Psychology, 3, 135-148. 


White, B. (1990). Reconceptualizing science and engineer- 
ing education. Unpublished manuscript. Cambridge, MA: 
BBN Laboratories. 


White, B., & Horwitz, P. (1987). Thinker tools: Enabling 
children to understand physical laws. BBN Laboratories 
Report. Cambridge, MA: BBN Laboratories. 


Wirszup, I. (1976). Breakthroughs in the psychology of . 
learning and teaching geometry. In J. Martin & D. 
Bradbard (Eds.), Space and geometry Papers from а 


.researcb workshop (pp. 75-97). Athens, GA: University of 


Georgia, Georgia Center for the Study of Learning and: 
Teaching Mathematics, ООС Reproduction Servies No. 
ED 132 033). 


Wisér, M. (1986). The differentiation of heat and tempera- 
ture:An evaluation of the effect of microcomputer teach- 
ing on students’ misconceptions. Technical report. 
Cambridge, MA: Harvard Graduate Scl:ool of Education. 
Wiser, M. (1988). The differentiation of heat and tempera- 
ture: History of science and novice-expert shift. Іп S. 
Strauss (Ed.), Ontogeny, phylogeny, aud historical devel- 
opment. Norwood, NJ:Ablex Publishing Corporation. 

А i А P 
Wollman, W. (19772). Controlling variables: Assessing lev- 
els of understanding. Scfence P EUH, 61, 371-383. 


x 


Wollman, W. (1977b). Controlling variables: А neo- 


eis Piagetian: developmental. sequence: Sience се Education, 
261, 385-391. E . рое uses 





Wollman, ху; * Lawson, А: (1977). Teaching the фгәсейше” 


«of. controlled. experimentation: А ишен approach: 


Science. "Education, eh 57-70. 








64 





E 


^ дуда Arguéta, Administrative E pot 
Ryan Arndt, Profect Assistant - 
Jonah Ben-Joseph, Writer С 









M 7 


Mary Ann Brearton, Training Manager : 
Lucia: вше, Айтілізнан Support: ‘Specialist - Се 
Fernando Cajas, Research Associate : р 





Жао Caldwell, Resear cb Ахкдс fate ,. 
Ваграга Goldstein, Administrati. Coordinator 
linda Hackett, Math Workshop Leader 
"John Howe, Manager. ‘Educa at п Оштв b A 
Chery! J ackson, Administrative Сооп | 
Clanni Knighten, Sneretary 








Mary Koppal, Conuntintcations Director -. 
Lori. Kurth, Program Associate . 

Michele Lee, Science Workshop L Genler 
Lester Matlock, Adntnistrattve Director 


Scott May, хоси pe Hor of Professional Development 
Programs 


_ Francis Molina, Technolog ' Director 

Kathleen Morris, Senior Program Associate 

George Nelson, Director of Project 2061 

Regina Oglesby, Administratii e Support Specialist 
David Peery, 7..buology Spectallst/NT Administrator 
Thelxiopi Proimaki, Technology Specictlist/Multimedia 
Jo Fllen Roseman, Associate Directar 

Susan Shuttleworth, Senior Editor 

Brian Sweency, Technology Specialist Webmaster 
Catherine Tramontana, Associate Editor 

Joseph Watson, Heducation Outreach Associate 
Soren Wheeler, Project Coordinator 

Stedman Willard, Senior Program Associate 


Linda Williams, Senior Business Manager 


NATIONAL COUNCIL ON SCIENCE 
AND TECHNOLOGY EDUCATION 


Raul Alvarado, Jen International Space Station, 
The Roving Company , 


Joan Duea, Professor of Education, University of Nortbern lowa 


Bernard Farges, Matbemuatics Teacher San Francisco Unified 
School District 


Stuart Feldman, Dept Group Manager Thomas J}. Watson 
Research Center IRM 


Linda Froschauer, Science Department Chairperson, 
Weston (CT) Middle Schoot i 


Patsy D. Garriott, Fducation Initiative Representative, 
Eastman Chemical Company 


Kati Haycock, Director; The Education Trust . 
Leroy Hood, President, The Institute of Systems Biology 


Fred Johnson, Asst, Superintendent for Instruction (Retired), 
Shelby County (TN) Board of Education . 


Roberts Т. Jones, President and Chief Executive Officer 
National Alliance of Business 


Donald Langenberg, Chair, Chancellor 
University of Maryland Systems 


Sue Matthews, Teacher, Elbert County (GA) 
Comprebensive High School 
Gary А. Nakagiri, San Mateo County (CA) Office of Education 


Robert Scidmore, Techitology Staff Development Specialist, 
Eau Claire (WD) School District 

Benjamin S. Shen, Professor Emeritus of Astropbysics, . 
University of Pennsylvania 

Claibourne D. Smith, Vice President (Retired), 
Tecbnical-Professional Development, DuPont Company 


Terry Wyatt, Science Teacher (Retired), Toledo (OH) 
Public Schools 






John Zola, Teacher, Social Sciences, New Vista Higb Scbool, 
Boulder CO ` 


‘EX-OFFICIO MEMBERS. 


Marcia C. Linn, Professor Mathematics, Science and Technology ` 
Education, University of California, Berkeley 


George D. Nelson, Director, Project 2061 





Glen Аена КҮРҮ Л, titii Dp пеш ofr 
Biducation,. University: ‘of Sashatebinsan . 2 


i Richard Audet, Teacher Ediication Department, 


- Roger Williams University 


“ Deborah Ball, Scboo! of Education, University of Michigan 
"Theron Blakeslee, Science Consultant, CCTS: 


Curriculum Development Program Unit, 
Micbigan Department of Education 


| Larry Boucher, Department of Chemistry, 


Towson State University 5 


Leah Bricker, Science Curriculum Program Coordinator, 
Indiana Department of Education 


George Bupliarello, Chancellor Polytechnic Institute 
Gail ВигеШ, Director Matbematical Sclences Education Board 


Tom Carpenter, Department of Curriculum and Insiruction, 
University of Wisconsin, Madison 


Audrey Champagne, Departments of Educational Theory and 
Practice, and Сбетізігу, SUNY, Albany ? 


Dennis Cheek, Director of Information Services and Research, 
Rhode мала Department of Education 


Angelo Collins, Department of Teaching and Learnitig, 
Peabody College, Vanderbilt University 


Peg Darcy, Louisville Schools, Louisville, KY 
John A. Dossey, University of lilinols, Urbana 
Sarah C. Duff, AAAS Consultant 

William W. Duff, AAAS Consultant 


Richard A. Duschl, School of Education, King's College, 
London, UK 


Holly Eaton, Teacher San Diego City Scbools, San Diego, CA 


Arthur К. Ellis, Department of Education, Seattle Pacific 
University 


William: К. Fernekes, Supervisor of Social Studies, Hunterdon 
Central Rer iohal High Scbool, Flemington, NJ 


Kathleen M. Fisher, Center for Researchin Matbematics & 
Science Education, San Diego State University 


Cary Freebury, Retired Teacher, Flatbead Valley Schools, 
Kalispell, MT 


James J. Gallagher, Department of Teacher Ec! ‘ucation, 
Michigan State University И % 


Joan Garfield, Department of Educational Psychology, 
University of Minnesota 


Owen Gingerich, Solar and Stellar Physics, Harvard- 
Smithsonian Center for Astrophysics 


Henry Heikkinen, Department of Chemistry and Biochemistry, 
University of Northern Colorado 


Patricia Heller, Department of Curriculum aid Instruction, 
University of Minnesota, Twin Cities 


Leon Henkin, Department of Mathematics, University of 
California. Berkeley 


Marlene Hilkowitz, AAAS Consultant & Supervisor of 
Secondary Education/Penn-Delco School District, Ashton, РА 


Avi Hofstein, Science Teaching Department, Tbe Weizmann 
Institute of Science 


Daniel Householder, Department of Industrial Education and 
Technolog, Тоша State University of Science and Technology 


David Jenness, Valley Research, Sante Fe, NM 
Linda Jordan, Science Consultant, Tennessee Department 
of Education 


Page Keeley, Science and Technology Specialist, 
Maine Matbematics and Science Alliance 


Alice Kehoe, Department of Anthropology, 
Marquette University 

Paul Kimmelman, Retired Superintendent, West Nortbfteld 
School District 31, First in the World Consortium 


Cliff Konokl, Scientific Reasoning Research Institute, 
University of Massachusetts, Aniberst 


Deanna Kuhn, Department of Human Lev lopment, 
Teachers College, Columbia University 

Gerald Kulm, Department of Curriculum and Instruction, 
Texas A & M University 

Norm Lederman, Department of Science and Mathematics 
Education, Oregon State University 


James Leising, Department of Agriculture [Education and 
Communications, ORlaboma State University 


Michael Matthews, Scbool of Education, University of New 
South Wales, Australia 


Mary McFarland, Educational Consultan 1, Parkway School 


District, C Aestenffetil, MO `, 


Donald J. Michels, Solar Research Branch, Universities Space 
Research Assoc tation 


Jan Мокгов, ТЕКС, Cambridge, МА 


Susie Nelson, Program Associate, American Council on 
Education. 


Lisa Nielsen, Teacher San Diego City Schools, San Diego, CA 


Henry Petroski, Department of civil Engineer dng, c 
Duke University 

Harold Pratt, Center for Science, Mathematics, and Епріпеегін 
Education, National Research Council í 

Jack Price, Center for Education and Equity in Mathematics, . 
Science, and Technology, Californta State ошо, 
Universit, Ponoma 


Steven Pulos, Department of lducatione! Psychology, 
University of Nortbern Colorado ` 


Eric Pyle, Department of Educational Theor y and Prac tice, 
West Virginia University 

Marc Racicot, 7eacber South Whidbey $co0l District, 
Langley, WA | 

Phil Regal, Department of Ecology, Evolution/Bebavion, 
University of Minnesota, Twin Cities ` 


| Douglas A. Roberts, Dean's Office, Educ ation, 


University VW Calgary " 


‘Susan Jo Russel, ТЕРС, Cambridge, МА 


` Vernon W, Ruttan, Department of Applet Economies, 


University of Minnesota. Twin Cities 


Mark Schug, Department of Currici im та Instruction, 
University of Wisconsin, Milwaukee 


Donald М. Scott, NASA Ames Research Center 


Eugenie Scott, Executive Director, National Center for 
Science Education, Inc. 


Gerald Skoog, Department of Education, Texas Tech University 


John P, Smith Ш, Deportnient of Counseling, Educational 
Psychology and Special Education, Michigan State University 


Michael Smith, Director of Education, American Geological 
Institute 


' Luli Stern, Department of Science and Technology Education, 


Tecbnion (Israel Institute of Technology) 
W. Chris Stewart, President € CEO, Educational Dimensions Inc, 


Scott Stowell, Science Curriculum Coordinator Spokane Public 
Schools 

Diane Surati, Teacber Crossett Brook Middle School, Duxbury, VT 

Robert J. Swenson, /2vecutíte Assistant to the Vice President, 
Office of Research, Montana State University, Bozeman 

John Truran, Mathematics Education, University of Adelaide, 
Australia 


John G. 1ruxal, Department of Technology € Society, SUNY” 
Stony Brook 


Lynn Volk, Vice President, Risk Management Office, 
Harvard Medical Ncbools 


Stella Vosniadou, Department of Methodology, History, 
апа Theory of Science, University Athens, Greece > 

Camille Wainwright, Department of Education, 
Pacific University 


Kenneth Welty, Department of Communication, 
Education and Training, University af Wisconsin, Mout 


Gerald Е, Wheeler, dxvecutive Directo National Science 
Teachers Association 


Inese Whecler, Psychologist, Counseling and Human 
Development, Millersville University 


Paula Wilson, Department of Geology and Geophysics, 
University of Стар 


р, John Winsett, Fond du Lac School District WI 


CREDITS 


Page 2: © Anglo-Australian Observatory/Royal Observatory, 
Edinburgh. 


Page 14: © Estate of Alexander Calder/Artists Rights Society (ARS), 
.New York. 


Page 18: Reprinted with permission from Nick Downes, Big Science 
(Washington, D.C.: AAAS Press, 1992), p. 5. 


Page 28: © Sidney Harris. 


. Page 32: ©The New Yorker Collection, 1999. Christopher Weyant, 
from cartoonbank.com. All rights reserved. 


Page 34: © Tribune Media Services, Inc. All rights reserved. 
Reprinted with permission. 


"Page 38: © Sidney Harris. 


Page 40: Gift of the artist. € 2000 Board of Trustees, National 
Gallery of Art, Washington, D.C., 1964/1965. қ 


Page 48: PEANUTS © United Feature Syndicate. Reprinted with 
permission. 


Page 52: © Sidney Harris. 
Page 62: FRANK & ERNEST © NEA. Reprinted with permission. 


Page 66: John Hay Whitney Collection, © 2000 Board of Trustees, 
National Gallery of Art, Washington, D.C., 1910. 


| Page-68: THE FAR SIDE © FarWorks, Inc. Used by permission. All 
rights reserved. 


Page 70: В. Kliban (Cartoonist & Humorist, 1935-1990). .From the 
book Cat Dreams by B. Kliban. Used by permission only. © Judith 
K. Kliban.. i 


Page 76: © Tribune Media Services, Inc. All rights reserved. 
Reprinted with permission. 


Page 84: The Art Museum, Princeton. University. Arthur M. Sackler 
Collection, acc. no. 67-2a. 


| Page 88: THE FAR SIDE © FarWorks, Inc. Used Бу permission. All 


rights reserved. 


Page 94: Paul Mellon Collection, © 2000 Board of Trustees, National 
Gallery of Art, Washington, D.C., 1861/1869. 


Page 102: FRANK & ERNEST © NEA. Reprinted with permission. 
Page 104: Deere Art Collection, Moline, Illinois. 


Page 106: Reprinted with permission from Nick Downes, Big 
Science (Washington, D.C.: AAAS Press; 1992), p. 50. 


Page 112: Hirshhorn Museum and Sculpture Garden, 3mithsonian + 
Institution, Gift of the Joseph H. Hirshhorn Foundation, 1966. Lee 
Stalsworth, photographer. 


Page 116: O Rex May. 


Page 122: "Herman" is reprinted with permission from 
LaughingStoek Licensing Inc., Ottawa, Canada. АП rights reserved. 


Page 124: FRANK & ERNEST © NEA. Reprinted with permission. 


Page 128: Photographs courtesy of the University of Oklahoma 
Library and the Harvard College Observatory. 


Page 130: Girard Foundation Collection, Museum of International 
Folk Art, a unit of the Museum of New Mexico, Santa Fe. 


Photograph by Michel Monteaux. 


Page 132: CALVIN AND HOBBES © Watterson. Reprinied with per- 
mission of Universal Press Syndicate. All rights reserved. 


Page 136: Photograph courtesy of the Metropclitan Museum of Art. 


[ С. 165 


- 





“Айаз offers. а magisterially < clear. and сотрге- 

hensive view of the. interactions among parts . 

of complex topics. It should help. advance. 

significantly : Science and technology: literacy." 

—George Bugliarello, Chancellor, 
Polytechnic University 


“By clarifying the relationships between 


^ concepts within and across grade levels, the 


maps allow us to correct student misconcep- 
tions more easily and to find out if students 
know what we think they know.” 

—Sally Buckler, Chemistry Teacher, River 
Hill High School, Clarksville, Maryland 


“These maps are extremely valuable proies- 

sional development tools which will be 

utilized by a multitude of educators for а 

variety of purposes.” 

—Linda Jordan, Tennessee State 
Department of Education 


“The maps in Atlas will significantly advance 
the case for curriculum mapping which will 
better inform curriculum development, 
instruction, and assessment... .Тһіѕ book will 
make an excellent tool!” 


- —Dennis W. Cheek, Rhode Island 


Department of Education 


“Atlas has great potential for the develop- 

ment and analysis of educational materials, 

including assessment tasks.” | 

—Audrey Champagne, Departments of 
Educational Theory and Practice, and > 
Chemistry, SUNY, Albany 
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, Project 2061's newest science education reform tool, Atlas of Science 
| Literacy; graphically depicts connections among the learning goals 
| established i іп the project's 1993 publication Benchmarks for Science 


Literacy. Through a series of conceptual-strand maps that present: 
students’ growth of understanding from K to 12, Atlas shows how 
the ideas and skills that students learn in different graaes and top- 
ics—and even disciplines—depend on and support one another. 


Atlas continues the work of previous publications in Project 2061's 
comprehensive series of reform tools. Science for All Americans, 
published in 1989, provides а narrative account of the concepts and 
skills necessary for basic adult literacy in science, mathematics, and 
technology. Benchmarks for Science Literacy lists specific goals for 
student learning for four grade ranges—steps along the way toward 
literacy. While Science for All Americans and Benchmarks for Science 
Literacy have a coherent framework, the implicit pattern of connec- 
tions among ideas and skills is richer and more important than any 
list or narrative cán adequately convey. Thus, Atlas features that 


‘pattern of connections. The strand maps and map commentaries 


found in Atlas are rooted in the conviction that curriculum, instruc- 
tion, assessment, and teacher education should be based on careful 
study of the connections among the ideas and skills that students 
are expected to learn. 


The American Association for the Advancement of Science (AAAS) is 


a nonprofit organization dedicated to the public’s understanding of 
science and technology and to responsible scientific advancement 
across all disciplines. Project 2061 is ААА5% long-term nationwide 
initiative to help improve science, mathematics, and technology edu- 
cation for all students. t 


The National Science Teachers Association is the world's largest. 
organization dedicated to promoting excellence and innovation in 
science teaching and learning for all. 


* Project 2061 and the National Science Teachers Association jointly 
| publish Atlas of Science Literacy. 
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